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DEVELOPMENTAL STUDIES OF PERCEPTION' 


JOACHIM F. WOHLWILI 


KOOKS 


bee a) | ci I This would 


m this problem h spiciou of the 
he main litera ; sive literat { topic, 

i which, being of foreign ori- 
illy unfamiliar to Amer- 


s limited to ex 

volving com- 

two or more age 

turther to delimit as 
sharply poss ble the area covered 
this \ studies dealing on 

me th tasks of a pri- 

: conceptual or psy- 

chomotor nature, and on the other 

ny hand with responses known to be 
ll as several direct functions ol receptor mec ha- 
immatt i nisms (¢.g temperature sensitivity, 
is thos dark adaptation, etc.) were excluded. 
1956, 195 Following a brief consideration of 
ind Wert! methodological problems, studies will 


d which be reviewed under the following head- 


ial prob ings: sensory thresholds, illusions, 
nental orientation and localization, the con- 


stancies 


, depth, form, number, move- 


Baldwin, ment, time, and perceptual learning. 
facts of per \ concluding section will be devoted 





develop to a review and discussion olf the 
mewor} major developmental trends uncov- 


ered in this review 
METHODOLOGICAL CONSIDERATIONS 


\ variety of methodological prob- 
ms faces the investigator in this 
particular held. Since some of them 
have rarely been spelled out and are 


249 
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frequently ignored in the design and 


execution of experiments, they are 
discussed here briefly.* 

First of all, several problems arise 
with regard to the sampling of Ss 
in cross-sectional comparisons among 
Apart from the 


obvious requirement of comparabil- 


different age groups 


ity among the samples representing 
the various age levels, the choice of 
the particular age groups to be in 
cluded in an investigation deserves 
more careful attention than it is gen- 
erally given. It is patently not valid 
to extrapolate trends obtained from 
a tew 


selected age groups to the 


whole course of development, since 
age trends in this area are frequently 
and 


he 


enough 


discontinuous, nonlinear 


U shaped 


should 


even 
Ideally, then, t investi- 


gation include age 
determination ol 


trend 


illow a 


groups to 


the total developmental over 

the age span consideration 
Secondh 

brought out 


; ; 
statistical analysts 


be 
the 
tal 


sis of vari- 


points may 


respect to 

of developmen 
data The ordinary analy 
altogether insensitive to the 
among the 


thus it 


ance is 


which are 
lack 


applied to the 


order groups 


compared ; is relatively 


ing in power when 
means of a number of groups repre 
senting points on an ordered variable 
By the same token the 
significant el- 
itself any in 
formation regarding the form or even 
the ot a 
trend. A decided 


this 


such as age 
finding of 


tects di es 


ize group 
not convey 
presence consistent 

improvement 
the 


part ularly 


Situation is 


technique 
trend analysis, 


=A m 


of experimental methods 


re exte uled tre ative 


the 


dren, by Eleanor 


study 
ception in chil Gibson 
Vivian Olum, 


forthcomi 


i chapter in a 
child 
ebted to I leanor 


prepublic at d 


will appear as 
i handbook on methods in 
The 
Gibson fe ' i 


ch apter 


psychology writer is in 


raft of this 


WOHLWILL 


to handle 
In applying 
this or similar parametric techniques, 
to be 
heterogeneity of variance in the data, 


veloped by Grant (1956 


nonlinear regressions. 


one needs of course alert to 


since variability between Ss _fre- 


quently decreases with age, 


panying an increase in accu 


(intrasubject variability). Under cer- 


tain circumstances, furthermore, 


even an increase in variability with 


age may occur (e.g., Klimpfinger, 


1933 

Finally, in 
that 
of the psy hophy sical 
} 


WASTE 


the majority of the 


studies rely on one or another 


methods, there 


are various factors to the judy- 


ment being made which the develop- 

ally 
since the contribu 
t | 


not de conNn- 


mental investigator needs esp 
to keep in mind, 
tion of such factors may 
stant across different age leve thus 
they 


or at 


in themselves account 
affect 


may ior, 


least seriously the 


ine 
changes observed im a given & 


For the met! ol 


limits and 


tion instance, 


adjustment typically 


give 
rise to starting-position effects which 
have been shown to change in 
with ve 


1951b; Wap- 


ons quer thy 


incre 


and even dire: tor 
Piaget & Lambercier, 
ner & Werner, 1957). ¢ 


the 


amount 


even if results from 


ind decreasing series are aver 
the PSE’s thus obtained will 
ts 


ject to varying amoun 


the different age levels. Tl 
that in develop 
ot 


thes 


eration suggests 


gg 
mental comparisons 

particular 
loubtful 
lifferent constant 
ull 
urd is compared to a series of vari 
of the 


icT, 


usefulness 
or 


} 


mon to ethods in which a 


the so-called ‘‘« 
& | 


the stimulus serving as 


ables, is rror 


standard” Piaget 
1943 
standard tends to be overestimated 
This effect 
prominence 


amit re 


the 


appears with particular 


in constancy experiments 
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(Akishige, 1937: 
1943b: 


Piaget & Lan.ber- 
& Lambercier, 
but noted also in 
various other situations (Piaget & 
Lambercier, 1943a, 1953, 1956b: Riv- 
1905 


cier, Piaget 


1956a has been 


Furthermore, a study by 
1955 that the 
direction of the error of the standard 


ers, 
lampieri indicates 
may change from over- to underesti- 
mation, depending on the absolute 
size of the standard, which suggests 
an interpretation in terms of adapta- 
Helson, 1948 . If, 
Piaget and Lambercier 
with 


tion-level theory 
is argued by 
194 sa this 


and a 


error decreases 


age certain amount of evi- 


assertion t is 


imperative to control for this 


dence supports this 


clearly 
effect when m 


iKing comparisons 


imong age groups 


\ further constant error may arise 
the S has to match a standard 


to one of a set of variables prese ited 


when 
simultaneously an ordered 
According to 
central-tendency 


series 
1946a 
etiect en- 


Lambercier 
i strong 
ters into such judgments, systemati- 
the vari- 
able in the direction of the middle of 

This effect 
to the 


interpreted by 


ally shifting the choice of 


the series which may 
be related error of the stand- 


lampieri 


de« rease 


ard, is 
1955 again appears to 
with age 

that a 


portion of the research 


In ion, it is likely 
very large pr 


to be reported here is open to criti- 


another of the above- 


cism on one of 


mentioned grounds. This applies in 


particular to the extended series of 


Piaget and his collabo- 


rators, which 


studies by 


bulks rather large in 
and whose shortcomings 
noted in brief. First 
of all, most of these studies employ a 
fairly ical 
method devised by Piaget and Lam- 
1943a 
in which the experimenter attempts 
PSE by alternat- 


our revicw, 


should thus be 


unorthodox psychophy 


bercier for use with children, 


to zero i on the 
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ing between variables on either side 
of it. Although this 
centric method” permits a relatively 
rapid determination of an S’s PSE, in 
actual application it appears to be 
far from and relatively 


“clinical con- 


systematic 
lac king in precision. 

A second point concerning Piaget's 
work is the general neglect of mat- 
ters of experimental design (e.g., 
order of presentation of different ex- 
tests 
Closer attention to 
have 
tendency 
and to 


perimental conditions) and of 
of significance. 
these points might perhaps 
checked general 
to overinterpret his 


Piaget's 
results 
lengthy ad-hoc explana- 
tions for findings of frequently dubi- 


not 


engage in 


tendency 
ilated to enhance the readability 
of his reports (for example, cf. 
Piaget and Lambercier, [1953]). In- 
deed, this weakness tends to detract 
the appreciation of the very 
real contribution which Piaget's work 
of a 
of significant problems 


ous significance-a 


calc 


irom 
represents, in its investigation 
large variety 
and in the ingenuity and thorough- 
ness displayed in the manipulation 
of pertinent stimulus variables. 

If in examining these studies, then, 
as well as those from other sources 
which are frequently no less subject 
to methodological criticism, a rather 
heavy strain may seem to be placed 
on the reader's willingness to ‘“‘as- 
attitude towards the mere 
possible’’—as Goldstein and Scheerer 
1941, p. 4) put it—this appears 
nevertheless to be a price well worth 


sume an 


paying, in view of the interest of the 
problems and the theoretical issues 


which they will be found to raise. 


REVIEW OF EXPERIMENTAL STUDIES 


Sensory Thresholds 


The regarding 
changes in absolute and differential 


evidence age 


sensitivity for various physical di- 





WOHLWII 


mensions \ ill \ 2 periorn I ) childret be low 
briefly, rely : , y we of si ‘rior, but this is « 
1927) reviev t literature on likel : 1¢ cognitive d 


this top ( some studies t Estes 1959 


on ibsolute ! \ ! I . reports that the wcuracy 


reviewed by i ; I not judgments tor triangles, 
ork appears to have squares does not chan 


nut more recentt' ral * from 
functi 
lecreases wit! * tamed ver) 


ich as the upper and lower ite thresholds 


hresholds of pitch, as : : three- to six 


wo-point threshold cin se hed school-age 
Most differential hold comparisons of tl 
he other hand, *ACciit | “ee jects . sphe res 
we 1. 
Particularly marke« n substan lly higher 
in this direction | ‘nm round r the other two groups 
pitch, weight a irate the width of the thresl 
is for the recogniti f ie for spheres and great 
threshold being measured het hese results for v 
terms of the degree of saturation 1 thus generall 
quired Visual acuity likewise im the substantial developme 
proves with age, although the two in differential sensitivit 
studies cited by Peters differ with limensions of pitch 
respect to the amount ol improve vd saturation 
nd ! d screpan 
he question of the discrin " n r complexity 
of visual extents deserves special nul n the « 
view of its immediate rele 
many of the problems to b« 
scussed During the period 


ibout 12 mor ths to 


stantial change 

tivity for size, width and ar have liscussion perceptual | 
been shown by Welch (1939a, 1939b 

it the same time tl 

cate that \ n ! rolot dy in part 

tice over pe ls if I t shown b* 

months in the second year of lif laborators 

discrimination can be brought 

the level of considerabl) Ider accounts for 

trol Ss After the age of about four haps disproportionate 


or five years, however, little further literature on the developme: 


change appears to take place in the ception As we shall see, howev 


ibility to discriminate size or length much of this work touches o 


Thus, Criering 1905 found no dif lems of more general si¢ ‘ 
ference between 6- and 14-year-old perceptual development. I: 


children in their ability to reproduce facilitate comparisons amor 


two points the on the same phe nomenotr the results 


i distance betwe 





TUDIs OF} 


rABLI 


UMMARY OF 


ied | 
lable 


assimiulat 


duced j 
Spat 


of the pr riton 
* various illusions 
of most of these, 
results obtained 


onable value 


PERCEPTION 


SELECTED ILLUSsIO 


fifferences bet weer 


ng educational 


overestimatior 
whether V 
t l in retest 
later 
gs (V to 
aed: lines moet 


ly nonmintersecting 


I Jelb« eul 


’ 


work on the 


The 
parallel-line 
that effects ol 
textual stimuli decrease with age (cf. 
lable 1 
the study by 
Boesch and 
the Delboeuf 
which the relative size of the circles 
vielding 


illusions ndica es 


assimilation to coi 


This is shown clearly in 
Piaget, Lambercier, 
Albertini (1942) on 
la), in 


von 
Fig. 


' 
illus ol 


was systematically varied, 
an Ss shaped lunction, 
A lhe 


rep esent al 


as illustrated 


in Fig. curves in Fig. 2 ac- 


tually con 


idealized 


posite ol hve separate sets ol curves 
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= CRO 
O 


Illusions 


Fic. 1 
trast, as investigated i 


c ited in the text 


vaiues 


three 


obtained for different absolute 
In particular, 


the 


of the stimuli 
of the 


curves 


separate age 


substantially in the 
they the X 


noted that bevond a 


five ¢ 
differ 
points ; which 


1 he 


isecs 


cross 
It wi 
poin 


the cor 


aXIS 


certain increase in the 


size oft text cir¢ le results ina 
however, only for 


does 


contrast phase; 


the younger childrer this phase 
ippear consistently and prominentl) 
Very similar results were found b 
Piaget and Albertini (1950 
the parallel-line illusion 
and le the 
lengths of the inner and outer lines 
first in 


for 
Ib 


relative 


von 
Figs 
Ag un, das 
varied, assimilation 
creased, then 
eventually to contrast, though mainl\ 
Furthermore, varia 


were 


decreased, changing 


for the children 


tion in the vertical distance between 


WOHLWILI 


the middle and the outer lines re- 


sulted in a change from a slightly 
negative toa strongly positive error 
(i.e., overestimation of the middle 
line for both figures rhis latter re 
sult, indicating that this variable op- 
erated at the same time to increase 
assimilation (in Fig. 1b) and contrast 
(in Fig. 1c), together with the finding, 
corroborated in the Delboeuf study, 
that 
effects decrease with age, suggest the 
possibility that both of these effects 
mec h 


both assimilation and contrast 


may be reducible to a single 
anism 

Piaget, in fact, has proposed such 
‘cen- 


a mechanism, which he terms 


tration,” and which he has applied 
variety ol 


phenomena in perceptual judgment 


to a illusions and related 
his mechanism produces systemati 
distortions in perception, due to over 
estimation of the fixated elements of 
the stimulus field. | 
development, however, these distor- 
offset by “‘de 


the course of 


tions are increasingly 


tions, resulting from more 
mobile and 
the total 
bercier, 


1942 


centra 

effective exploration of 
| 

im 


iget, I 


Albert 


figure (cf. P 


Boesch & von 


2. Strength of concentric-circle il 
ith of th 
Boesch & 


ction of the relative w 


get Lambercier 
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further elaboration of 


Piaget 


Through 
has indeed 
1 probabilistic model for 
Piaget, 1955) 
which he has successfully applied to 
illusions, all of which 
of the type 
spe 


these constructs 
arrived at 


perceptual judgment 


a variety ol 
leature error curves 
shown in Fig. 2 as a function of 
cific stimulus dimensions (e Bes Piaget 
& Péne, 1955; Piaget & Vurpillot, 
1956 For our purposes, however, 
the main point is that according to 
Piaget's theory the shape of the error 
function remains constant with age, 
the extent of the illusion decreasing 
over all the 
Thus both assimilation and contrast 
should decrease with age. Yet Wap- 
ner and Werner (1957), in their study 
on the Titchener circles (Fig. 1d 

an illusion at least superficially sim- 


portions ol function 


ilar to those which we have been con- 
etlect 
lo what 


sidering—-found a_ contrast 
which increased with age 
extent this discrepancy may be at 
tributable to possible central-tend 
ency effects arising from the exposure 
of the variables in an ordered series 
and to 


cf. methodology section) 


what extent it reflects a more basi 
nce in the processes operating 
is difficult 


Svstemati 


dittere 


n this illusion to decide 


it this point variation 
of the stimulus dimensions, as in the 
Piaget 


s collaborators, should lead to 


above-mentioned studies by 
and n 
clarification of this question 


A study 
described in 


contrast effects 
by Ikeda and Obonai 
Sagara & Oyama, 1957) conclusively 
demonstrates that the Delboeuf illu 
sion rig la) can be 


from an assimilation to a 


; 
i empor ti 


transformed 
contrast 
the 
the ex- 


phenomenon by changing tem- 


poral relationship between 
wosures of the outer and inner circles 
De- 


velopmentally there apppears to be a 


simultaneity to succession 


| 
' 
tron 


similar opposition between the simul- 


us am successive conditions 
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Piaget 


study of 


This is indicated in and 
Lambercier’s (1944) the 
Usnadze illusion, which is essentially 
equivalent to the Delboeuf illusion 
under successive presentation: two 
circles differing substantially in size 
are repeatedly exposed in a tachisto- 
scope, following which a standard is 
shown within the area formerly occu- 
pied by the larger circle. A contrast 
effect develops (i.e., the standard is 
underestimated) which 
adults than in five- to seven-year-old 
children, in the sense that the illusion 
grows at a faster rate for adults as the 
number of presentations of the induc- 
ing stimulus increases. At the same 
time, however, the effect dissipates 


is greater in 


more rapidly for the adults after the 
final exposure of the inducing stimu- 
lus. It is of interest to note the cor- 
with 


these findings 


a recent study of figural af- 


respondence ol 
those of 
tereffects in normal and mentally de- 
Spitz 
found 


ficient adolescents by and 
Blackman (1959 that 
their normals satiated more quickly, 


who 


but that the effects also dissipated 
faster, in comparison with the men- 
tally group. 

Piaget and Lambercier’s explana- 


deficient 


tion of the increase in contrast with 
age, in terms of adults’ greater sus- 
ceptibility to anticipation or set, re- 
ceives some support from the similar 
developmental trend found for the 
ize-weight illusion, which has usually 
attributed to the 


tween the perceived weight of an ob- 


been contrast be- 


ject and that anticipated in view of 


lable 


to this illusion increases mark 


its size As 1 shows, 
bility 
edly 


mental 


suscepti- 


with age; it is also smaller in 


detectives as compared to 


normals of the same chronological 


age 
The Miiller-Lyer This 


well-known illusion has proved very 


tlluston 


popular in developmental investiga- 
Table 1, which 


tions, is seen in 
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il 


studies 


subst int 
il 
of this 


shows, moreovel izyree 


ment the sever is 


imong 


| llu 
iecrTrease Piusion 


regards the « 


I his dec reas has yener- 


with age 
ally been interpreted in terms of the 
child's 
parts if 


difficulty olat 
the 
be 
the 
(one 


younger in 1s 
the 


problem whi h 


ing om whole 


will thor 


discussed in 


more 


oughly section on 


form perception empirical 
question which remains to be settled 
concerns the n of changes in 
this 
adolescence 


(1942 


(1957 


patter 
through the period of 
The studies by Walters 

Wapner and Werner 
the 


illusion 


by 


both indicate 1 ri 


and 
i a 


in 


effect in later adoles 
early idult 


strength of the 


cence and hood, whereas 


in the studies from the Geneva lab 
oratories (Noelting, in 
Maire, & Privat, 1954; Piaget & von 
Albertini, 1950) the adult 
the smallest average 
of the 
included 


press; Pi iget, 
groups 
vield illusion 
None 


ever, 


studies, how- 


the 


(s,eneva 
os in adolescent 
range 

The investigation 
Albertini 
interest for the comparison m ide be 
Miiller-I the 
illusion to 
the 
may 


by 


Piaget and 
] 


1950 is of 


von special 


tween the ver and 


allel-line 
formal 


par 
Pointing the 
two 
be 
if 
their 
, the authors have studied 


Miiller-I 


stimulus v 


between 
the 
derived from the former by‘ 


similarity 


types of figures latter 
elimin 
ing the arrows and conne: ting 
end points 
the changes in the 
ol 
ables manipulated 

These 
due to ive. 


similar to that found 
the 


yer as a 


function the same ari 
the parallel-line 
changes, as well 


higures as 


those follow a pattern 
which ts closely 
for the correspondit NG changes in 
even though in 

the 
Thus 


pro esses 


ip 


parallel-line illusion 


absolute terms the effects for 


Miiller 
the 


Lver are much stronger 
inference i common 
in the 


ied 


operating two situations 


pears just 


fa 


WOHLWILI 


Lhe 


spite a 


iston. De 
of de 
illusios 
of its 


uncertall 


horizontal-vertical 1 


col siderable 
work 
the 


remains 


amount 
velopmental this 


cf. Table 1 


change with 


on 

nature 
age 
In view of the differences among the 
various studies in the types o 


{ st 


tT 


ulus figures used, as well as the 


methodology emploved, ind in vi 


the 


Ww 


failure to control svsten 


also ot 


atically factors, such 


the 


contaminating 
of the ot 
zontal in the inverted T, the 
meaning of the 
obtained is difficult 

The fi 
studies, 
Wiirsten 
the 


as role bisection the 
hor 
conflictir vy re 
to assess 

the two n 


1942) and br 


neve rtheless suyvest 


ndings trom 
by Walters 

1947 
following 


nclusiot 


tentative co 
if the two lines of the figure ir 
W 
the effect decreases with 
the hand, the S h 
compare noncontiguous 
ilmost all of Wirste: 
illusion up 


10. subseque ' 


tersect 
(as they presumably did i 
study 
if, on other 
seymel S 
as i s stimuli 
the 


mum 


increases to a Maxi 
thy 
trend 


il d 


at age 


about 


declining up to adulthood—a 
very regular! 
W iirster 
In partial support of this 
may cite the study 

and \ tutrey (1956 


between 6 


which emerged 


consistently from 
ore 
who 
ind 10 ve 
up of two spatia 
but found 


the 


Increase 


figure made 
arated 


pre 
T 


te 


ments 


sc 
» 


ble aye trend lor 


‘Cla ver 
figure he two figures also d 
rea 


irkedly in terms of the effe 
of short 
What 


crepal c\ 


vs long exposure times 


might t for tl 


accoun 


n these tw ivpes 


bet wee | 


figures? A clue may perhaps be fo 


in Piaget's interpretation of W 
idings as reflecting the grad 


sten’s fi 
ual de velopment of a stable svstem of 
spati il coordinates in the age range 
trom 6 to 10, resulting in an enhance 
ot the ct Piaget & 


ment illusion 
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Morf 
probabl 0 rate 
lines to be 


1956 would 
the 


not spa 


this factor 
only if two 
pared are 
that 


not clearly defined 


tially contiguous, so their spa 


tial relatio shit 5 


for the S lf the lines 
hand, the, 


spati il framework, al 


intersect, on 
the other provide in et 
wir Owl 
g for a more immediate opera 
Ihe fact that the 
onsiderably stronger in the 


1956 


1 of the illusion 


illusion is ¢ 


Fraisse & Vautrey, 


latter cas 


would support this argument 


(Aher tliustons of ortentation If, 


as we shall demonstrate in the se 


on torm perception, young chil 


are relatively insensitive to the 


entation of stimuli in space, one 


might expect them to be less suscep 


tible th i! older Ss to a variety ol 
other illusions which depend on this 
factor \ case is the ~ hu 


square involving an 


in point 
mat llusion, 


overestimation of a square tilted ata 


$5 degree ingle 1.¢ i diamond , m 


comparison with a square of equal 


the 


vertical 


j 
onented 


size slong hor 


spatial 
izontal and Hanfmann 
1933) did in fact find an increase be 
tween the ages of three and six vears 
in the percentage of Ss responding to 
this this age there was 


attributed by 


llusior ilter 


the author 
suggestion on the part 


of the older children) An 


strength of this illusion 


ittempt to 
measure the 
sical method did not 
but the 


bles was appare ntly too 


by a psychoph 
result i we differences, 
series ot var 
vield very precise data 


coarse to 


conclusion several related 


Piaget 


me 


and his collabora 


lies by 
ma be tioned, whi h gen 


show an increase with age 

1 the comparison of two hori 
tal lines, st iggered so as to form 
two sides of a parallelogram, the top 
is overestimated increasingly be 


(Piaget & 


line 


tweet 5 and S&S vears 
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Piaget 


a similar age 


Taponier, 1956),* while and 
Morf (1956) find trend 
for the « omparison between two sim 
ilarly staggered vertical lines, as well 
as in the comparison of two oblique 
lying on a line 

inter- 


segments straight 


These various age trends are 
preted in terms of the increasing role 
of the spatial framework in the per 
ception of the relationship between 


A ordingly, 


should not apply when two vertical 


the lines this age trend 
nes are directly SI perim posed since 
the 
an important 
and Morf 1956 


ition the 


framework 


role 


here could not play 
indeed, Piaget 
find that in this 
overestimation of the 


As the 


lines is in 


’ 

decreases with ige 
the 
the 


becomes attenuated and the age 


m between 
creased, however, overestima- 
tior 
differences correspondingly less con- 
Piaget & Lambercier, 1956b 
A few illu- 
sions which have received only 
dental 
briefly 


been 


sistent 

Viscellaneous tllustons 
inci- 
mentioned 


attention will be 


Decreases with age have 


found for the Sander parallelo- 


nts one of the very few 
Piaget & 


in which Piaget has concerned himself 


instances ct 


1946 
with the relationship between perception and 


also Lambercier, 


thinking in the context of an experimental 
tudy. In the present article he points to the 
the increase in error with 


and the 


ntrast bet wee! 


in the judgments 
iarked 
range in the 1 

or lack of 


identical stimulus conditions 


perceptual 


decrease found over the same age 


cidence of a purely cognitive 
onservation of length—arising 
} when the 
actual equality of the le ngths to be con pared 
has been demonstrated to S beforehand 

It might be pointed out that Piaget appears 
in general to be 


ences than by the 


more impressed by the differ 
similarities between these 


two types of functions and their developme: t 
wccordingly his work on perception is almost 
; 


totally divorced from his more widely known 


work on cor ceptual development He has, 


tlined the interrelationship be 
formal. theoretical 


1950: Piaget & Morf, 1958 


however, « 
tween the two in 


Pi iget 


more 


terms 
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1930), the Poggendorff 
1957 the Oppel- 
(Pia 


well as 


gram (Heiss, 
illusion 
Kundt segmented-line illusion 
get & 1953), as 
for 
of angles and of the lengths of their 
Piaget, 1949; Piaget & 
, in the judgment of chords of a 
Piaget & Vurpillot, 1956 
in the comparison of the widths of 


Vurpillot, 


Osterrieth, 


constant errors in the judgment 


sides Péne, 
1955 
circle and 
rectangles varying in length (Piaget 
& Denis-Prinzhorn, 1953; cf. also 
Seashore & Williams, 1900 In 
creases with age appear in the case of 
the Jastrow illusion, which Giering 
(1905) found to 14 
than at 6 Ponzo 
illusion 
which 


be stronger at 


; 


years, and tor the 


overestimation < a line 
bur ol 
b\ point 


Heisel 


four 


intersects a lines 
for 
1958 


converging On a near} 


wh h Leibowitz and 
report an increase between and 


though further 
that 


in illusion of inclination, 


seven years, no 


changes beyond age Finally, 


for involv 
ing two staggered rows of rectangles 


separated by a horizontal line, which 


' 
is perceived as tilted, the results of 
1954 
ite in general an increase up to 


10, 


bly reflecting 


Piaget and Denis-Prinzhorn 


followed by a decrease, possi 
similar to 
1947 
illu 


This effect is, however, strongly 


processes 


those operatirg in Wiirsten’s 


study of the horizontal-vertica! 


sion 


influenced by a variety of factors, 


such as the presence of a frame 


around the fig of outline 


solid rectang 


or 


ciosing ti ion ¢ the 


illusions, we should note a variable 


, 
of ‘ sil ' r ir +f } ol hs 
ui particular interest n ipulated Dy 
Vurpillot (1957) in 


Poggendorff il 


her udy ot the 
lusion, ol the 


the fig When 


iltered the figure so 


ire 


ness ol 


this author is to 


sugwest a concrete scene, while leav 


ing the basic stimulus elements un 


changed, a very significant decrease 


WOHLWILL 


in the illusion resulted for the 9-year, 


12-year, and adult whereas 


the 


- 


‘ yes 


groups 


two youngest groups 5 and 
failed to profit 

While it 
gerous to extrapolate this finding 
the 


erai, it would seem to weaken the oft- 


irs trom this 
be dan- 


to 


alteration would 


role of 


meaningtulness in gen 
heard argument that the poorer per 


formance of young children in per 
ceptual tasks is due to the use of ab 


stract, meaningless stimulli 


niation and Localisation 


An 


irried out by 


Ori 


Spatial orientation extensive 
investigation has been « 
Witkin et al. (1954) on the intera 

tion of visual and bodily cues in the 
perception of the vertical at different 
age levels. These authors distinguish 
between two types of tasks: “‘field-as 


a-whole” tests (e.g., S, in a tilted 
tilted room 
a-held”’ 


has to 


position, has to adjust a 
to the vertical) and ‘‘part-of 
tests (e.g., S, in a tilted room, 


adjust his own position to the ver 


Che 


cal first typ 


vielded consistent 
the 


tests the Ss’ dependence or 


the other hand, in 
the visu 
framework seemed t 
stantially 
tilted-room-tilted-chair 
lition of the 
! 


sively less effect on 5S 


o decrease sub 


with ize 


com root 


himself as vertica 
this result, however 
to bear in mind tl 


the absence of co 


closing 


J 
wise dark I 


the rod as 
ré pli ation 
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Edgren (1953 
were found 


no such age differences 
instead, at all age levels 
and 16) the judg 
ments ran counter to the direction of 
the frame 

A somewhat different emphasis is 


(between eight 


encountered in the work of Wapner 
Werner (1957 
themselves with the influence of di 


and who concern 


rectional induced visually or 
kinesthetically, 
These authors distinguish be 
rhe first 


of these involves extraneous stimula- 


sets, 
on S's orientation in 
space 


tween three ts pes ol effects 


tion, and is exemplified in judgments 
of verticality with the body in a 
tilted Here the adult S 
overcompensates for the bias due to 
that 
placed in the opposite direction 


con lition 


is dis- 
But 
to develop 


the tilt, so the vertical 


this tendency appears 
late 


cence children show only very slight 


only relatively prior to adoles- 
effects due to body tilt: for the girls, 
the age 


it the youngest age level, where 


furthermore, curve crosses 
over 
the vertical is displ aced in the direc 
tion of tilt Interestingly enough 
this same displacement reappears in 


Comalli, Wapner, & Werner, 


Independent confirmation of 


old age 
1959 

the developmental shift towards in 
overcompensation tor ex 
the 


range from early childhood to young 


creasing 


traneous stimulation, in age 
recently 


Liebert 


adulthood has most come 


from a similar study by and 


Rudel 


ization ot a 


1959 on the auditory local 


moving tone with the 


bods r tilte 


\ i 


lation 


| position 
tatic object stimu 
due to the 


displ icement of the object of judg 


nd eftect. 
represents a bias 
ment itself. It is illustrated primarily 


in starting-position effects: with the 
rod originally inclined to the left, the 
the 
ind vice versa for the rod 


inclined to the right Th 


idjustment to vertical deviates 
to the left, 


orivil alls 
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effect decreases fairly regularly with 
age up to the college level, and fur- 
thermore does not increase again in 
old age (Comalli, Wapner & Werner, 
1959). A further experiment reported 
by Wapner and Werner (1957), in- 
volving the adjustment of a luminous 
square to the apparent median plane, 
the with 
starting-position effects, as 
Liebert Rudel’s (1959) 


confirms decrease age in 


these 


does and 


study on auditory localization. 

The third of the effects considered 
by Wapner and Werner, dynamic ob- 
ject stimulation, applies to directional 


the 
words denoting 
particular (e.g., hands 
pointing upwards and downwards) 
For these effects the age trends were 
Two of the 
problem 


sets induced through 


tion ol 


presenta- 
obje ts or 


directions 


less consistent 


rather 


studies on this disclosed, 
however, a developmental shift inde- 
pendent of these directional sets in 
the location of the apparent horizon, 
which was set at progressively lower 
levels with increasing age 

Spatial and cutaneous localization 
\ clearly related problem is that of 
spatial localization, which has been 
investigated in several developmental 
studies, giving at least indirect sup- 
port to the increased effectiveness of 
the spatial framework. In the visual 
1955) reports a steady 
the re- 
produced location of a point from the 
fixation 
extrane- 
a point, a straight line, 
or a circle—is drawn on the sheet on 


which the point is to be localized, it 


domain, Rey 
decrease in the deviation of 


true one, following a 5-sec. 
period. Furthermore, if an 


ous stimulus 


will, for the younger children, exert a 
strong “pull,” i.e., their localizations 
will be systematically shifted towards 
such a stimulus. This effect decreases 
with age, and may even become neg- 
It would be of inter- 
the 


itive in adults 


est to determine role of such 
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stimuli when they can themselves 
serve as referents for the localization 


to be made (i.e., when they are shown 


in the field in which the point is 
originally exposed, as well as in the 
subsequent ome 

Sanstrém and Lundberg 1956 


have failed to confirm the improve 
ment in spatial localization with age 
but since the response they used 

volved motor coordination to a much 


eater extent (the point, first show! 


ut 

on the top ol 1 table, had to be found 
by sticking a pin on the underside of 
the table), it is scarcely comparabl 
with Rey's The role of the motor 


aspect is in fact shown by the age 
changes in the direction of the errors 


= 


made: the children tended to “over 


shoot the mark,” their errors being 
predomi intly in the direction oppo 
site to the hand used for the respons 

Several studies are available on the 
development of cutaneous localiza 
tion, but the results obtained are not 
Dunford 1930 


studied children between 3 and 15 


too consistent 
vears of age; he found only irregular 
changes in accuracy up to age 9; how 
ever, the largest mean errors were 
made by his 11 und =15-vyear-olds 
Renshaw and Wherry (1931) failed 
to find any consistent age differences 
throughout childhood and idoles 
cence only his idult sample was 


’ 
l 
clearly differentiated from the others, 


their mear errors bei i’ highest The 
suthors compare these results with 
those obtained under visual direct 

1.e€., eyes ope rather than bl I 
folded ,. which snow i stead ci 


crease in error 
Ret shaw sees these results, te 
gether with those trom a pilot stud 
(Renshaw, 1930) which also showe 
idults to be inferior to children 
cutaneous localizati mn, iS pointing 
to a changeover trom kinesthetic 


visual dominance in the perceptio 


WOHLWILI 


ol the body In further support of 
this argument he adduces findings 
from a set ol 11 diind Ss—seven older 
children and four adults—showing 
an improvement with age in cutane 
ous localization (Renshaw, Wherry & 
Newlin, 1930 But the small num 


ber of Ss used in all of Renshaw's 
studies though his data represent 
means ol a large number of trials for 


each S), together with the uncertai: 


effect of the change in sheer itom 
cal dimensions with we Ol thes« ib 
solute errors suygyvest cautior the 


interpretation of his results 
lhe Perceptual Constance 


The empiricism-nativism contro 
versy has provided the impetus for a 
lively interest in the development of 
the constancies, and in particular 
that of size constancy, as we is I 
the related top ol depth perceptior 
Some of the major issues in this area, 
however, confront us equall m the 


rather more compact literature of 


brightness constancy, which thus 
may serve iS a convenient starting 
po t 
Brightin I he (wo me 

portant studies o developt ental 
changes in brig! tness constam b 
Brunswik (1929) and Burzlaff (1931 
represent sharply divergent positior 
on the question ol the evolution of 
the constancies Brut wih er pha 
Sizing the role of experi ‘ bring 
iny ibout the perceptual i eve 
ment of the organism reflected 

t ( finds a stead cas 
! consta between ages 3 i 1] 
followed | i slight but tent 
falling off after that po [his re 
aguction ! onst ( In et eal 
, escence a idulthood, w h is 
co rmed bv the d 1 of W Ket 
1927 is terpreted by Br wil 
1956) in tunctional terms, a it 
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tellectual functions the 
litions 


Brunswik’s, 


experimental cor 
npat ible to 
1931) did 
constancy W 
ind 
hould be noted that this study ts 
this 
ol 
the variable, in 
ed 
color wheel, was displayed 
red set s on a chart, 
‘trend d ind at the 


constancy improved gen 


: ; 


substantiate the 


ith age, at 


bet wee four seven yvear°rs 


childrer ge 


r witha mple five 


“ hen 


prese is an 180 


‘ 
es ol gre‘ 
ive Isa py ired, 
time 
Th held true whether a color 
ot grevs 


Further 


r indom seTies 
the standard 
1937 


is ire used tor both 


h is show n th if 


variabie, mere mak 


does 


ys available 


we trend 
1 


‘ 
my 


the 


netanc. 
co i y ge 


nera 
comparison with judg 
the variable itself ts 


by 


to the relative 
the two sets of findings 
ct note to KI mptinger, 
61981 urgued that Burz 


mse serial presenta 


with 


ible were too simple 


ss to manitest 


1931 


that 


main 
Bruns 
ditions were 
to be 
rhis 
be 


ly the demon 


ictured 
children 


h if seems © 


situa 
icularly of the 
the S, 


development il 


perceptu il 
ind more part 


of the 


determi 


judgement for 


int of 


‘ ulty 


DIES OF PERCE! 261 


(1933), in a 
Brunswik's 


Klimpfingetr 
u ider 
developmental 


Sha pe 


study carried out 


uuspices, found a 
trend rather similar to that found by 
Brunswik for 


in increase up to about 14 years, fol- 


brightness constancy 
lowed by a subseque nt decline, more 
pronounced than that in the bright- 
ness study: the mean of the older ol 
the 


roughly, 


adult groups corresponds 
the he 
however, 
the 
older 
has verified the in- 
between 


two 


to year-old _ level. 


There is, some suggestion 


ot 


the 


bimodality in distribution of 
ait tre 


1937 


\ il 1¢s age levels. 

Akishige 
cre ot shape constancy 
ives 4 and 10 At 


finds that this age change disappears 


isc 
the same time he 


when the v 


ol 


iriable is shown in a series 


ellipses of varying eccentricity, 
under conditions comparable to 
Burzlaff for 


onstancy 


1. 
those ol brightness con- 


stancyv. ( s again generally 


under these latter conditions. 


The 


gation ol size 


higher 

Size levelopmental investi- 
onstancy has been far 
brightness 
the 


stimulus 


thorough than for 
both 
of relevant 
and in ol 
of the work to infants and pre- 
verbal children As shall 
however, the methodological 
lems in the way of adequate testing 
of formid- 


able , 


more 
and 
manipulation 


shape, terms of 


variables terms the exten- 
sion 
we see, 


prob- 


; 


constancy in intants are 
and the results obtained are ac- 
cordingly of dubious value 

Thus, an oft-cited study by Cruik- 
1941) purports to show that 
constancy, at 


months. 


shank 
though not 


by about 6 


present 
birth, ippears 
This conclusion is based on the fact 
alter 


re spond ‘ 


age infants ceased to 
rattle at 


did respond to 


that that 


sistently to a 
7 they 


5 cm., while 


ata 
But clearly this 
s discrim- 
to 


one equal to it Drojective size, 
distance ol > cl 
j ‘ 


comparison mi | cate 


a tendency 
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ignore objects that are relatively far 


away. Indeed, if this method allowed 


inference concerning constancy, 


have to conclude that it 


any 
: 
one would 


was absent altogether, since re- 


sponses to a rattle at 75 cm. equal in 
| 1 


physical size to the one shown at 25 


cm. were infrequent at any age level, 
and decreased steadily after 15 weeks. 
Cruikshank’'s 


inherently 


procedure appears 
the 


since only a 


unsuited to answer 


question of constancy, 
rattle was shown at any given 
More recently, Misumi (1951 


has approached the problem through 


single 


time 


a stimulus preference method, with 
somewhat different results. The main 
feature of his method is his determi- 
nation of the extent of the S's spon- 
taneous preference for one of two ob 
jects differing in size, when presented 
This 


is then used as a baseline in the evalu 


at the same distance from the S 


ation of the results for pairs of ob 
which removed in 
Chus, 


months on, 77 
to the larger ol 


jects ol one 18 


depth rom the age of five 
> of the responses are 
two goldfish; 


to be 


made 


when it is moved back so as 
equal in retinal size with the smaller 
one, the choices of the larger drop to 
and 21%, in different 


ige groups between 20 and 59 weeks 


between 9° 


I hus constancy appears to be absent 


ime that the infant 


iss 


here, if we can 


is still respond! vy to size rf ither than 


depth In i second ¢ x perime nt. how- 
were small 
fairly 


it least 


ever, in which the stimul 
red balls, Misumi did 
evidence for 

the 
preference for the 


good 
atter 
the extent ol 


age of nine months 


larger ball was un 
affected, after this age, by displacing 
it in depth 

More satisfactory 


ind 


ous results can be obtained from non- 


unambigu- 


verbal Ss by first establishing a stable 


differential response to size and then 


testing its I nter nce is the d 
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tance of the stimuli is manipulated. 
rhis 
Beyrl, 


not in 


been 
1925 


applied 
though 


approach has 
1926; Frank, 
very systemat« fashion; 
Frank's study is nevertheless of in 
terest in demonstrating that one- to 
two-year-old children can consistently 
adhere to their size discrimination 
even with the larger stimulus as far 
as 15 m. from the 
Beyrl reports, however, that an 


Frank's 


considerably 


removed smaller 
one 
attempted replication ol 
work resulted in a 
higher incidence of errors 

rhe of Beyrl's 
1926) investigation consists of a 


psyc hophy Sic al 


najor portion 


study of con- 


size 


stancy at different age levels, which, 
in contrast to the work reported here 
tofore, yields quantitative measures 
of the degree of constancy attained 
His Ss were 24- to 11 


dren and a group of adults; they were 


year old ( hil- 


given cubes, as well as discs, to judge 
method of constant 
with the standard at 1 m. and 
from 2 m. 


as to size by a 
stimuli, 
the variables at distances 
toll m 

ments at 
the 


creasing 


he age curves for the judg 


the 


dis inces ol 


separate 


variable all show a steadily de- 


tendency to underestimate 


the far stimulus, becoming negligible 


by age 11: as distance increases, 

the 
further behind the 
their approach to constancy 
This is true both for the « 
but to apparently 
for the latter 


Although these results clearly 


younger »s 


lag 
older 


furthermore 
further and 
ones in 
ibe s and 
an 


for the discs, 


yreater extent 
show 
that size constancy is far from 
fect at the 


has been cited repeatedly 


per- 
younger ages, this study 
is ce mon- 
100% constancy even 
The basis for 

the graph 


has 


strating nearly 
at the lowest age level 
this 
through 


misstatement 1s 


which Brunswik com- 


pared this study with others of color 


and shape constancy Set Klimp- 





hnger, 


S35 


stancy 


of two and one 


1s 


ol 


Brunswik ratio 


sensitive to any except 


erTre 


flected 


he 


cre 


hildre 


the 


iwnored tact 


of 
be 


too 


however in, tary 
the 


Ts 


V 


An 


the 


disk arded, «aS 


1933: als 
nd v h ( h 
ratio 


aritnmets 


wit i nee 


mn! ; | 
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o Brunswik, 1956, p 
indicates a size-con- 
as high as .92 at the age 


half vears. This figure 


part an artifact 
al properties of the 
which is virtually in 
very drast« 


longer distances, as re 

he paradoxical finding that 
ues of this ratio actually in 
for the younger 
we add to this observa- 
squieting though generally 
that the 


55 pres hool children had to 


results from 19 
the iudgments were 


o allow the calcula 
irom 


the st 


subse 


of the 
constancy have 


ncrease iff cCon- 


sever il V iriables 

rs 
even the presence 
Thus, 
and 


he presenta 


trend 


ol shape 


in ordered 

the periorm 

ge groups, and 
gener ally This 
laff (1931) in 
alter 


an 
modeled his 

work dis ussed 
ther hand, in a re- 


situatio! 


variable 
d standard in an 
Akishiwe (1937) did 
e trend between 4 
that 
ihicallsy 


judgmental process 


Burz- 


sugvestinyg 

lore Sp con 
selection of the vari- 
ted to the standard 


; 


the position t iken by 
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Lambercier (1946a), in a paper which 
undoubtedly the ex- 
haustive and searching analysis avail- 


presents most 
able of methodological factors in the 
size-constancy problem He believes 
that Burzlaff's and Akishige’s results 
are to be attributed to the operation 
of a central tendency effect, already 
to in the methodology 
marked in 
systematically displac- 


referred sec- 


tion, which is especially 
the children, 
ng their judgments towards the mid- 
die of the series of variables. Where, 
the standard is 
the net 
counteract any 


Burzlaff’s case 
to this 


would be to 


middle, 


constant errors due to imperfect con- 
In the experimental portion 


study, 


h seem 


Lambere 1eT 

to 
center of 

shifted 


value of the standard, 


presents 


bear out his 
the series of 
the 


the errors are 


as the 


away trom 


Ss 1S 
systematically displ ced in the direc- 
tion of this center, but to extent 
nfortunately 


an 
decreasing with age I 
variable series led 


the more eccentri 


it times to refusals on the part of S 
to admit any stimulus as equivalent 
to the standard, with awkward con- 
sequences not the 


tion of PSE’'s, but particularly for the 


only for calcula- 


validity of the age « omparisons, since 


such refusals occurred chiefly in 


idults I 


hypothesis cannot account for Burz- 


irthermore, Lambercier's 
laff’s brightness constancy data, since 
there the standard was generally ec- 
to the series of 
that 


Lambercier finds consistent increases 


centric with respect 


variables It mav be noted 
wcross a variety of other 


de 


in constancy 


experimental conditions; again 


velopmental changes were most pro- 


nounced under single presentation 


of standard and variable, although 


they were attenuated due to practice 
1 repetition of the single- 


judgments 


effects upor 


following 


P ' 
triais 


V iriable 
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under other, ipparently easier condi systematically the, 
ons increase of the iver; 
\ further study by Lambercier wie lateral 
1946b) provides information on the’ standard and variable. but 


role of reference stimuli in the visual lifference in this resp. 
tield \ number of sticks were pl iced hi ral separation used w 
ho , ntally rt ally ilong the ne in fact, depth i 
| irniabl ; ion were contoul 
was pres 
si7ec 
which the 


sticks we 


Both Akishige 
| imbercier 
1956a) tind higher 
ney when the s 
ited the . ti na lar position In 
represen more t Lambercier fin 
trictly perceptual rm we levels i 
ance; the tact that 94°, o la | appears oO 1h 
judgments were exactly correct j when the stand 
gests as much & Lambercier, 1956a, 1 
\n additional factor relat This effect represents of 
stimulus conditions uch h > cial case of the “error of the 


ived some attention ji iz ard’ discussed in the 


ncy research is that of the orl It may 
ital separation between the m Burzlaff [1931] 
1927 commenti mn find 


ittempted repli 
. 


ot her li ‘ Frank 5), the dark, i INcyY Is cf 
ittributes e 1 ively poor per enhanced Che differential effe 
tormance | | I smaller this error at differs 
horizontal | n | 1 the not emerge very 
two stimuli, which she heved studies, but it is obvi 
would work against the perception ol cen into acco 
size in young chil 
(omparing additional results 
both 

ons horizor 
under : t [ ior h ten relative 
is not cities if stimuli has recent en show 


superior result the thre nd i significant detern 


lour-vear old Os uncer | 1 nt il differe nces ( ohe 


litions, though littl | f lor wit ind Chodact 1955 


older children i i int increase 
Piaget ind mberci 1943b 1 Sand 17 vears wher 


nave investigat is problem more 
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when the former was moved 
S, the age dif 

As might be 
neral reduction 


atam 


back to 6 m. from 
lerences disappeared 
expected, there isa pe 
of error in this situation, and cor 

less room for develop 
we. kor both situations, 
suthors found a sig 


int reduction with age 


wwever, these 
in the in 
the width 
s confirmed in the 
1946b) and 
1943b), for 


ns involving single 


uncertainty 1... 
whi h 


of the DI 
imbere eT 


of I 
d Lambercier 


the vari ible. 


more interesting lactor is 


emphasized 
on has 
how 
1957 
t modeled after the 


ind Boring 


of Holway 


eT ¢° size constanc’ 


to 100 feet, in an in- 
ts, from only 

“| seven tio rT ne 

wed that the 

vs conformed to 

t, whereas the adults, in 

greement with Holwavy and Boring’s 
show 
»to OU teet 


| ‘ conditions, 


in size 

bsonian, full-tex 
the subject of one of the 
thesis by 


exper tdgren 


1953 stimulus materials con- 

of photographi 
slides on which standard stick was 
ed at a distance in an empty 
with a series of variables in the 
yund {. Gibson, 1950, pp 
Dist 


iried from slide to slide, but the 


ce and size of the stand- 


184! 
ard v 
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results are given only for the com- 
bined series; they indicate only very 
irregular age changes between 8 and 
16 years If the central-tendency 
effect postulated by Lambercier 
1946a 
ial presentation of the variable is a 


under these conditions of ser- 


real one, the size of the standard may 
factor 
One analysis which provided Ed- 


have been an mportant 
age differences 
judg- 
prepared 


gren with significant 


in this experiment concerned 


ments on two espe ially 
slides in which the context had been 

The effect of 
proved relatively 
the 


exper t 


masked completely 
the loss of cues 
idults, 


what one might 


greater for which is just 
opposite ol 


\g uin central tet 


well as 


dency etlects, as 


more were ral urn ontrolled 


variables all of Edgren’s experi- 


ments were group-administered) play 
unknown roles here 

distance 
systematically, a Dukes 


1951) is of incidental interest here, 


Ithough not varying 

study of 
since it represents an adaptation of 
Brunswik’'s (1944 
"" approach, in which S 


“ecological repre- 
sentativeness 
judged the 
objects in h 


size of a large number of 
s natural environment, 
ver a large range of sizes and dis- 
tances. The results for a single six- 


year-old child actual 


ly yield a higher 
ition between judged and ob- 
than that obtained 


an adult for a com- 


correl 
jective size 99 
by Brunswik for 
parable set of stimulus objects (.95 
difference in the 
Dukes’ use of 


judgements, as opposed 


An important two 


studies, however, is 
comparative 
to the absolute-judgment procedure 
of Brunswik 

of the 
few 


Rounding out this review 


work on size constancy are a 


studies employing instructions for 
retinal-) size matches. 
Piaget and Lambercier (1951a, 1956a) 


have made an extensive study of such 


projec tive 
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judgments in their most typical con- 
stancy situation (standard at 1 m., 
variable at 4 m. or vice versa). The 
rather result was that 
the younger children, aged seven to 
they could under 
instructions at all, 
better than the 


surprising 


provided 
the 
formed considerably 
10- to 12-year group, and even some- 
what better than the adults hus 
there was a U shaped trend here, as 
Wiirsten’s (1947) the 


horizontal-vertical illusion The au- 


eight, 


stand per 


in study on 


thors suggest that for the youngest 


children there is less interference 
from the perception of the true size 
of the distant object, due to their 
tendency 
pendently of the spatial framework 


With increasing age this framework 


to perceive objects inde- 


becomes increasingly determining, 
so that projective size becomes pro- 
until 
the intervention of cognitive mech 
the perception 
of perspective relationships become 
available (i.e., in the adult). What- 
ever the merits of this explanation, 


the superiority of the youngest group 


gressively harder to abstract, 


anisms mediating 


remains somewhat mysterious, 
ticularly since they 
time the most accurate in their objec- 
tive-size (the older Ss ex- 
hibited overconstancy). It should be 


pointed out, incidentally, that even 


par- 
were at the same 


mat hes 


the best judgments of projective size 
fell far short of the actual projective 
match; at all ages there was thus a 
strong effect due to objective stim- 
ulus size 

rhe problem of projective-size esti- 
mates has been attacked in a rather 
different fashion by Weber and Bick- 
nell (1935), who had their Ss (8 
aged 9 to 12 and 20 adults) make 
of discs 
photographed at varying distances; 
the photographs were viewed both 
under ordinary and stereoscopic con- 


phenomenal-size matches 
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ditions. In general, the instructions 
were apparently effective in leading 
to projective-size judgments, as re- 
flected in constancy ratios between 
18 and .25. The children showed a 
greater influence of the actual, as op- 
posed to the photographic size of the 
objects, in agreement with the find- 
ings of Piaget and Lambercier for a 
comparable age range. At the same 
time, as regards the change in judg- 
ment with increasing distance, the 
results for the children were between 
those for the adult men and women. 

Distance-constancy. In his discus 
sion of?the size-constancy 
Gibson* 1950, pp. T63ff 
that not only the size of the objects, 
but the distances between them tend 


proble m, 


points out 


to remain constant as the individual 


moves through his normal environ- 
1949 


explored this question developmen 


ment Massucco Costa has 
tally, asking S to chose a variable 
interval at 4 m. equal to a standard 
interval marked off at 1 m. The in 
tervals were either empty (delimited 
or filled A de 
velopmental trend was in evidence 
only the 
ments, which fell considerabls 


by cubes or rulers 


empty-interval judg 
short 


and seven-year) 


for 


of constancy for hve 
old children (though not so much for 
the six-year-old group), while older 
children and adults exhibited nearly 
complete constancy 

A similar study by Ds 
1959) is of particular interest, 


nis-Prinz- 
horn 
since it focuses on the question ol 
j 


the correlation between size and dis 


tance perception. In her experiment 

which forms part of a dissertation 
currently in progress at Geneva—.Ss 
made judgments both of the relative 
m. and 4 m., 
the 


size of two sticks at 1 
and of 
same stimulus field (the latter by a 
Denis-Prinz- 
trend 


relative distance over 
bisection procedure 
horn finds a developmental 
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under- to overconstancy for 
both the size and the distance judg- 
ments. More important is her demon- 
stration that these two judgments, 
which are virtually uncorrelated for 
adults—thus confirming similar re- 
sults obtained by Gruber (1954)—are 
on the contrary highly correlated for 


from 


young children (five to seven years). 
Chis finding suggests that cues which 
relatively inde- 
pendently in the two situations are 


in adults operate 
much more closely interrelated in the 
child. Exactly which 
volved in this developmental change 


cues are in- 
remains to be determined, however. 

Concluding remarks on the constan- 
The general picture with respect 


ctes 


to the development of the constancies 
may perhaps be summarized as fol- 
“regression to the real 
Thouless’ (1931) ex- 
appears to develop very 


lows: some 


objec * to use 
pression 
early in life, probably by the end of 
the first year, although most of the 
data on this question are unreliable. 
Under conditions in which constancy 
is enh uri ed generally c.2 , serial pres- 
the 


bn tween 


entation of variable; short dis- 


tances standard and vari- 
able 
almost complete at a fairly early age, 


Further in- 


, the progress ol development 1s 
i.c., five or Six years. 
creases in constancy occur through- 
later 
in relatively impoverished laboratory 


out childhood and adolescence 
situations and with single presenta- 
tion of the variable; this trend typi- 
cally culminates in overcons: ancy in 
the adult 

It appears, 


child 


cues than the adult in order to main- 


then, that the young 


requires a greater variety of 


tain invariance in his perception 


This conclusion is also in conform- 
ance with the reduction with age in 
the correlation between size and dis- 
(Denis-Prinzhorn, 


the apparently 


tance 


1959) 


judgments 


and with 
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sharper rise in constancy up to early 
adolescence for shape and brightness 
constancy, where the available cues 
are not so manifold, as compared 
with size constancy (Klimpfinger, 
1933). One among the many prob- 
lems that remain to be clarified in 
this regard, however, is the meaning 
of the decrease in shape and bright- 
after early adoles- 


ness constancy 


cence. 
Depth Perception 


While depth perception is clearly 
implied in the above-mentioned study 
on distance judgment by Denis- 
Prinzhorn (1959), the discrimination 
of two stimuli as relatively nearer or 
farther represents a somewhat differ- 
ent problem, and one less obviously 
related to size constancy. Gross dif- 
ferentiation of depth appears to de- 
velop quite early, according to the 
recent work by Walk and Gibson 
(1959), who have demonstrated that 
6- to 14-month-old infants will rather 
“visual cliff’’ 3 
m deep, on the basis of perc eptual 
cues to depth. As we saw in our dis- 
cussion of size constancy, the results 
obtained by Cruikshank (1941) like- 
wise suggest strongly that after the 
age of six months infants regularly 
respond to the nearer of two objects 
when their separation in depth is 
considerable. 

As for more finely differentiated 
judgments of the relative distance 
of two objects, an extended investiga- 
tion by Updegraff (1930) shows that 
this type of discrimination is rather 
well developed already in four-year- 
old children, who are only slightly 
This applies both 


consistently avoid a 


inferior to adults. 
to short (5 m.) and long (195 m.) dis- 
tances of the objects from the ob- 
server. Furthermore, neither the 
children nor the adults show any ap- 
preciable differences between monoc- 
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ular and binocular viewing. On the 
under the presumably 
conditions of a Bour- 
the Ss, looking 


aperture, judged 


hand, 
difficult 


don-type judgment 


other 
more 


through a small 
whether a ball dropped in front or be 
hind a children 


consistently less than the 


partition), the were 
iccurate 
idults 


This 


course a fu n of retinal disparity 


ol judgment is ol 


last 


1 
Dy veliopimit 


shx wn 


; 


iveness of thi le are 


eral studies ol stereoscopi 


1935: Gesel 


1939 


ception arr, 
& B ili De 1949 | ever, 
1935 below the ag 


reports that 


three ve: were unablk 


stereoscomn 


iod of tral 
illis (1949 


dimet S10! 
While the 
volved images of a 
SIO! il objec ts. I eve 
his st‘mulus materi: i set ol stereo 


} 


shown 


studies I 
three-dimer 
1939 


used is 


scopit iwings, 


| geometrical 


WOHLWILI 
under ta histoscopi 
an &- 


of the drawings were perceived 


exposurt 
to 13-year-old group onl) 
dimensionally, as against 60°) i 
15- to 19-year-old group. Thess 
ded differs ith, 


two 


groups likewise respon 
task in 


stereoscopically was 


to a which a vertical line 


to by 


vir wed 


adjusted so as te be midway between 
two other parallel lines 
were all perceived in the 


the 
fer from that made 


would 
if the 


were perceived as displa 


adjustment 


Here again a somewn 


portion ol the 


terms of depth 


ferent aspect ol dept! 


the three-di 


ot the perce] 
levels h 
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pate the main trend of the findings 
to be presented, it seems that, while 
discrimination can be demon 


strated 


form 


fairly early in infancy, it is 
not a very potent aspect ol the stim- 
ulus in the per eption ol young chil- 
dret 


I ing 


crimiut 


dis- 


1941), by 


' 
learning 


utilizing a 
ition procedure in 
which the stimuli (sugar-coated three- 


dimensional forms) coincided with 


the able 


crimination between various simple 


rewards, was to show dis- 


geometrical shapes as early as six 
ths: 
furthermore little affected by changes 


mo the differential response was 


in size or orientation of the correct 
Of particular interest is Ling’s 
difficult 


a cir le and in 


figure 


finding that an initial dis 


crimination between 


lipse led to 


| when 


€ greater transier 


the ellipse was repl iced with angul uf 
the re 
| 


Square, [ol 


objects than that found for 


verse order (circle vs 
lowed by circle vs ellipse 
rhis study 


mechanisms for shape 


that t 


discrimination 


thus shows 


tional at an early age, or at 
become so following expo 
limited 


imount of specif 
t should be noted that in 
iment, which extended over 
of several months for any 


learning and matura 
* to some extent con- 
important 
contributi to such early dis 
criminati ise of three-dimer 
objects, since stse discrimina 
lly better and develops 
for three-dimensional as com 
pared with equivalent plane 
Stevenson & Mx Bee, 1958: 
1926: Welch, 1939b 
1931) compared a 
of cues (contour vs 


thi k icss, 


figures 


Volkelt, 


Riissel variety 
solid form, size, 
round vs. pointed form 
with respect to speed 


1 discrimination and 
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the extent of transfer to other stimuli 
differing on the same cue. The num- 
ber of Ss (24, aged one and one-half 
was too small to allow 


to five years 


systemati« comparisons, 


ige-group 
but it is of interest that, although the 
cues were all roughly equivalent as 
regards the ease of the original dis 
crimination, the transfer was consid- 
erably less for the last three cues 

than 


trials in 


representing aspects of shape 
for the first 
which pairs of cues were confronted 


two. Transfer 
with each other likewise showed con- 
tour vs. surface to be the most potent 
and round vs 
the 


general age level 


sharp and symmetry 


to be least potent cues at this 


That a pre ferential response to the 


contour vs. solid-form cue as opposed 
I 


to shape represents a relatively prim 
itive stage of perceptual development 
indicated by an investiga 


1934 


ng mentally deficient Ss, aged 7 to 


is further 


tion by Knoblauch compar- 


ii 
21, with normal children, aged four 
ind one half to eignt 


Following 


and one-half 
an initial discrimination 
circle and various 


the 
much 


between a solid 
defi 


likely 


than the normals to choose solid fig 


ngular forms, mentally 


cient group was more 
regardless of shape, in transfer 
the tended to 


respond on the basis of the round vs 


ures, 
trials, while normals 
angular shape of the stimull 

Preferential 


a stimulus-equivalence ex- 


choices on transfer 
trials of 
periment are of course of equivocal 


significance as regards S's perception 
of the various aspects of the stimuli 
Yet the genetic primacy of the solid- 
vs. outline-form cue is of considerable 
interest, particularly in relation to 
Hebb's theory of perceptual develop- 
1949), which postulates that 
segregation of figure from ground is 
birth, but that the 


ception of form requires, at least in 


ment 


present at per- 
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the human, a fairly extensive period 
of sensory learning 

The role of spatial orientation in the 
discrimi As noted 
above, Ling (1941) found that the 
discrimination of his infants was little 


nation of form. 


affected by changes in the orienta- 
tion of the stimuli; this was true also 
1933) work with 
slightly older children. As a matter 
of fact, this seems part of a general 


in Gellermann’'s 


tendency of young children to ignore 
spatial orientation in their response 
was observed many 


1909 


which 
stern 


to torm, 


years ago by both in 
the drawings of children and in their 
, 


identification of familiar objects 


There are really two aspects to 


this problem: a positive and a nega- 
tive one. The first refers to an actual 
superiority of children over adults in 
recognizing stimuli under changes in 
orientation, at least relative to their 
condli- 


performance under normal 


bee nh 


t This superiority has 
d both for 
verted pictures Mouch ; quoted by 
1940, p. 20f) and of 
turned through 9% 


The New- 


showing per- 


ons 


four the recognition of in 


Kohler, non- 


} *] 
words 


*n, 1916 


1937 


results of 

that the 
to tve-vear old 
icuity tasl not 


ask is 
r right-left or up- 


’ 


ont in the 


same 


is that 


it ailh- 


re 
he other side of this cc 
= 


young children experience 


gre 


culty in discriminat between 


forms which are m es or up 


re versals of ore in ] 


Ww el i 


down 
is a known fact 

the early development of re 
skills (cf. Davidson, 1934, 1935: 
1957 Rice's 1930 
sometimes cited in this connection, is 
] 


ony 


Ver- 


non, study, 


somewhat equivocal, since it 


showed a lack of spontaneou 


balization of the inversion of a 
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in a matching task on the part of the 
younger children (four to five years 

Similarly ambiguous is Burkhardt's 
(1925 


tween six and eight years in the inci 


finding of a sharp decrease be 


dence of orientational changes in the 
child’s reproductions of a set of sim 
ple drawings. But there is more com 
pelling evidence in an unpublished 


by Ver 


indicating a ou 


thesis by Newson 
non, 1957, p. 25 
right in 


dren to detect the difference 


(quoted 
amity of five-vear-old chil 
between 
a shape and its mirror image 
when it is pointed out. Upside-d 
reversals caused somewhat less d 
culty for these children than 1 
image reversals a point most re 
cently confirmed in a discrimi 
learning experiment by 
with three to liive-yve 

The 
dealt 
metri 
objects. A paper by 
terestil 


this 


descriptior 


work considered 
the 
forms, or 


main 


throws an i 
this question, for 
in the 
gful pictures tl 
¢] 


nulus has € Ci 


ol intertering 


ception ol the rel 


| 
cniaret 


Wiirsten an 


) explain the 


young 
views ol 
ced t 


s in the horizon 


| other related illusions (cf 


evidence for improvem«e 
il localization, 


, 
aiso tits 


section, 
into this general picture 
Follower 
plior 


innate, 


Hu principles 


il, assumed an 


their " 


nination ol | 





DEVELOPMENTAL STUDIES OF PERCEPTION 


organization in the perception of 
form (cf. Zuckerman & Rock, 1957), 
and have accordingly not concerned 
themselves very intensively with the 
study of developmental changes. 
Piaget, among others, has taken ex- 
ception to this view, arguing that the 
full-fledged operation of these princi- 
ples is achieved only as the end-re- 
i prolonged developmental 


()ne 


sult of 
study in 
which he has attempted to substanti- 
ate this claim Piaget, Maire & 
Privat, 1954) consists of a compari- 
son of the ordinary Miiller-Lyer illu- 
which the two figures are 
shown superimposed vertically, with 
that resulting when the ends of the 


particular 


process 


sion, in 


arrows are joined by vertical lines, so 
lare in conjunction 
the Miiller 
Fig. 3). As one 
lines 


as to form 


a sj 


with the main lines of 
Lyer figures (cf 

expect, the connecting 
the 
cordance with the stabilizing proper- 


as the 


might 
greatly reduce illusion, in ac- 


ties of a “good figure’’ such 
Chis effect is, however, rela- 
llest for the youngest chil- 
adults, thus 
according to the au- 


with 


greatest in 
creasing efficacy 
these stabilizing properties. 
» fact that the absolute amount 
difference between the illusions 
he two conditions decreases 
mmewhat weakens the force 
On the other hand, 
in both inter- 
found 
con- 


of this argument 
with age 
trasubject variability 

| which 


nodified 


the decrease 
ind in 
igure, 
in variability 

uge found for the ordinary 
Miiller-Lyer figure, does indicate an 


with the increase 


increase in consistency which would 
support Piaget's point. 

For some of the other principles of 
that of 
levelopmental changes 
A major 


organization continuation 
in particular 


are similarly demonstrable. 














Fic. 3. Modification of Miller-Lyer figure, 
7 " 


showing role of “good figure 


source of evidence on this problem is 
the investigation by (1937 
who has solved the difficult problem 


Rush ; 
of quantification in this area with 
notable success (besides undoubtedly 


establishing a record for this type of 


experimentation as regards the total 


number of Ss tested: 8589!). Thus, 
in order to assess the strength of the 
proximity factor, author pre- 
sented her Ss with matrices of dots, 


this 


varying the spacing of rows or col- 
umns and asking them to indicate by 
straight lines the direction in which 
they perceived the dots. No appre- 
ciable age changes emerged with re- 
spect to the this factor be- 
tween the first grade and high-school 
levels—a finding which is in agree- 
ment with that noted by Schroff 
(1928), on the basis of rather less im- 


role of 


pressive data. 

More interesting 
study is her confrontation of various 
factors with each other. The author 
opposed the proximity factor to that 
of continuation (manipulated in terms 
of the number of dots in the rows and 
columns of the matrix), as well as to 
that of similarity (manipulated by 


yet in Rush's 
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presenting elements differing in shape 
such that the rows were homogeneous 
and the columns heterogeneous, or 
vice versa In both cases the influ 
ence of proximity decreased with age, 
of the other factor 
juxtaposing the 
and similarity, 


relative to that 
Finally, 


continuation 


factors of 
Rush 


found an increase in the role of con 


e trend 


the col- 


tinuation, although this 


ag 
ol 


anomalous results 


was reversed in the case 
lege group (similar 
for the college-age Ss are in evidence 
throughout this report 

Of Rush's findings perhaps the one 
gnincance 
eftect continuatij{ 


neral si is the in 


the 
at 


ol most we 
in 
0 high s ho« l 


this fac tor 1s 


least 
mi vd 


ited here through discontinu 


up t 
that 


1.€., rows and 
dots and the like 
to relate this trend 


is patterns 

ns of discrete 

is tempting 

ige in the ability 

on the basis of in 

is shown in de 

ym the recogni 

pictured objects from partial 

ner, 1957; Gollin, 1959a: 

Schober & Schober, 

1907 The 
ned by 


Gestalt 


NI ” ‘ 
1919 


1957 
Val 


rry ; 
OTTiia 


1931] 


der Torre 
ve iata obta 
ior his 
" 


test from tl 


ZT ide, 
d high sch to show 


iable 


to the rel 


Doss bl Vv 


rences, | j 


ippres 
due small number of 
st muli c mployed 


We m ght il 


nection (,ol] 


oO mention in th S < 


1959b 


on 


work on the 


discriminatior 


by matter I [his 


} 


stimull 
formed 
task is not only 
difficult for « 


iren than { 


substantially n 
to 10-year-old chil 
bot ef hildren 


wuL tne cn 
ter 


ore 
ight 
( idults, 
1 much gre 

ol 
background stimuli not forming 
part of the field of 


touch. 


nose 
1.e., 


the patterns, in 
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If continuation in discontinuous or 
incomplete patterns thus 
fully effective only at a late 
age, the role of this factor in the per 
ception of uninterrupted line-draw 


be¢ omes 


rather 


ings is on the contrary very strongly, 
developed in young children (Ghent, 
1956; Piaget & von Albertini, 1954 

This 


and 


clearly 


between continuous 


difference 
stimuli is shown 
the study by Piaget 
Albertini (1954); four 


children 


discontinuous 
and 
to 
ced 
the 


vel 


in 
and von 
hive-vear old 
no difficulty 


when 


experici 


virtually in tracing 


outlines of forms these « 


lapped with other forms. However, 


when these same forms were pr 
sented individually, but as d 


patterns, children up to the age of s 


could generally not recognize then 


success in tracing these dashed forn 
the 


hgures did not come until a st 


superimposed as in overlal 


age between seven and nine 
Similarly, 


the completion of 
tially | 


mutilated geometric 
relatively la 
i 


ACCOTU 


also develops 


about seven years 


stud) these gaps proving 
oblique lines « 


difty ju 
are involved, Here immature 


ilt where 
tions, instead of conforn 
of simplicity, tend 
in the direction of ‘‘ 
familiar, Gestalten 

These results thus suggest 
ot 
the role of closure in the per 
nd th 


portance distinguish 


of incomplete stimull 


good continuation” when 


patterns are involved 
to the latter. { 
has confirmed its 


children 


ition of ove rl ipping i¢ 


ous lis ¢ 


re spec t 


etlec 
is young as four y¢ 
recogt 
the other hand, in a secor 
(shent's study, the 
bedded fi of the Gottschaldt 
type proved much more difficult for 


giving 


i 
reco | 


gures 
rise to a 


young children, 
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marked improvement between 4 and 
13 years. This improvement is cor- 
roborated by other developmental 
studies of the perc eption of embedded 
figures (Gollin, 1956: Witkin et al., 
1954), as well as by the similar results 
found by Heiss 


the ability to detect an angular shape 


1930) with respect to 


when it forms part of a continuous 
outline 


rhe 


rests, 


evident e reviewed here 


then, 


sug- 
R that young children have 
a very strong tendency to follow what 
loosely described as a “line 


may be 
of least resistance,”’ i.e , a continuous 
thei 


forms 


| 


linear { 


perception ol 
rhis tendency 


them in good stead in 


path, in 


complex linear 
} 


clearly serves 


ution of overlapping forms, 


the re owt 


it interferes with the isolation 
ol component parts ol a total outline 


study and more 
the 


competing 


is if Heiss's 


particularly with perception of 
ing tlar the 
the 


In this conne 


forms with 


tinuous ine 


pattern, as in 
(,ottschaldt yures 
ol developmental 
movements in the vis 
of such figures should 
At the 
1 of information-theory 
Attneave, 1954 
means tor 


ittack in the 


i¢ t il changes 


same time 


study 

rt perception. Some of 

just discussed, notably 
the consideration of embedded 
figures, are closely 
the per 
whole as- 
Studies of 


over! 


ppl 
ppp, 


t¢ the question of 


i 

ol part as against 

omplex forms 

es on the Rorschach repre- 

lain source of intormation 
ne the developmental pro 

nvolved They 
CaA 


iding a change from a pre 


here generally 


ponder ince ol 


de- 
per - 


child- 


glob il per epts, 


termined by in unstructured 


ception ol the whole in early 
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hood, through a phase in middle 
childhood in which large and small 
details predominate, to an eventual 
integrated perception of the 
whole in the adult (Ames, Learned, 
Metraux, & Walker, 1953; Dworetzki, 
1939; Hemmendinger, 1953 

In view of the lack of control over 
either the stimulus or the response in 
the test, 
quent equivocal significance for per- 


more 


Rorschach and the conse- 


ceptual processes of the S's interpre- 
tations of these blots, it is of some im- 
portance that this formulation of the 
developmental hanges in part-whole 
been substantially 


perception has 


confirmed in several other studies 


which permitted a more systematic 


confrontation of part and whole as- 
Foremost among these is the 
Dworetzki (1939 


which, besides the Rorschach cards, 


pects 


investigation of 


employed meaningful designs made 
up of individual parts which them- 
ob- 
Ss’ 
designs par- 
that found in 
the youngest 


meaningful 
trend in the 
the 


( le sel y 


selves represented 
Here the 

identifications of 

alleled rather 
the Rorschach studies: 
children responded merely to the de- 
sign-as-a-whole, somewhat 
older children responded mainly to 
the 
and adults, finally, included both of 
these aspects in their descriptions of 


yer ts 


while 


component parts; adolescents 


the stimuli 

A further study by Selinka (1939) 
represents perhaps a still more ade- 
quate approac h to the question of the 
integration of the parts in the per- 
whole his author 
constructed a task to the 
Kohs Block-Design test, in which a 
particular circular pattern shown to 
S had to be reproduced by means of 
four blocks, each of which contained 
a quarter of a circle made up of dif- 
ferent kinds of patterns on the dif- 
ferent Thus the extent to 
which the pattern of the model was 


ception of the 
similar 


sides 
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taken into account in the arrange- 
ment of the blocks showed the child's 
attention to detail in his reproduction 
of the total circular This 
task showed a considerable improve- 
ment from the kindergarten level, 
where the component patterns were 


outline. 


ignored, through successive 
school-age groups up 10 years. 
Acutally, the portion of this 
improvement was from the seven- to 
level, 


usually 
to 
major 
the eight-year-old suggesting 
the possible influence of specific ex- 
in school 

Various other (Segers, 
1926; Smith, 1914 further 
evidence regarding the difficulty ex- 
perienced by young children in per- 
ceiving small details in complex but 
meaningful wholes. However, when 
the whole does not itself represent a 
of the 
young childrem can 
respond to details. This is shown in 
by Van 


who presented children with 


perience 
studies 
present 


strongly competing 


stimulus, even 


aspect 


an experiment der Torren 


(1907 


drawings of familiar objects at pro- 


at 
gressively increasing levels of com- 
pleteness; at each trial they not only 
tried to identify the object, but also 


to point out the parts in the picture 
that had been added since the previ- 
ous exposure. In line with the above- 
mentioned age trends for incomplete 
figures, the identifications improved 
in terms of the degree 
Yet the 
recognition of the added details was 
he youngest age 

Schober and 
however, re} licated 
this study with the single modifica- 
tion that all of the 
drawings contained the complete out- 
line of the object, so that the succes- 
sive exposures differed only in the in- 
ternal details. The result was that 
the recognition of the detail added to 
each exposure was greatly reduced for 


with age (i.e., 
of completion required). 


almost perfect from 
level (four years) on 


Schober (1919), 


presentations 


WOHLWILL 


the younger children, increasing from 
36% to 88% between the ages of four 
and eight years. Thus the presence 
of the completed outline of the objec t 
seemed in effect to interfere with the 
young child's perception of the parts 
of the hgures. 

Meili (1931) has taken these find- 
ings, together with related evidence, 
as indicating the 
ibility to attend to both the part and 
the whole at the same time. Which 
he will attend to will depend, accord- 


young child's in 


ing to this author, on the degree of 
structure present the 
for strong or simple wholes, the whole 


in stimulus: 
will be perceived, whereas for weak 
or complex wholes there will be a con 
centration on detail. Although this 
formulation represents a promising 
the 


young 


over overgeneralized 
that 


unable to perceive details in a whole, 


advance 


statement children are 


it is obviously of limited usefulness, 


pending an operational definition of 


weak wholes and a deter- 
of the interaction of this 
variable with that of 


Conceivably these two factors can be 


strong vs 
mination 
complexity 


reduced to those of continuity of out 
line and degree of internal redun- 
dancy—a _ conceptualization which 
would bring this problem, 
with that discussed in the previous 
tic frame- 


work of information theory. 


tot ther 


subsection, into the analy 


Number 


The role of configurational factors 
1 of number, under 
to permit 


in the identificatio 


exposure times too short 
counting, is the subject of experi- 
nts by (1910 Bie- 


Freeman showed 


me Freeman and 
miller (1930) 
groups of from 3 to 12 dots arranged 
in a variety of configurations, as well 
In 
general, the accuracy of the children 
(6 to 14 years old) started to lag be- 


as in vertical and horizontal rows. 
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hind that of adults for groups of dots 
greater than five, with the exception 
3x3 

the 
particular found easier 


of complete patterns (e.g., a 
matrix to represent 9), which 
children in 
than corresponding incomplete pat- 
terns. There were, however, only 14 
Ss in the children’s group, thus ruling 
out the determination of progressive 
axe ch inves 


Bix miller 


to linear | 


(1930 


itterns ol 


limited himself 
from 3 to 10 
T hey 


were spaced either uniformly, or with 


marbles « xposed for ca. 1 sec. 


gaps between some of the marbles, so 
break the 


some 


row up in various 


al, some sym- 


rhythm 
| about the middle of the row 
The added re- 


dancy in the rhythmical or sym- 


some irregular 


metrical patterns proved relatively 


ineffective in improving accuracy of 


below adolescence 
ict, a marked tend- 
irt of the 
nore these groupings in 
of the perc eived 

patte rhythmical 


symmetrical patterns were frequently 


the estimates 


There 
younger 
thet nproductior 


ind especially 


turned into uniform, unpatterned 
thus seems to indi 
cate that the young child is to a de- 


licapped in handling infor- 


rows. This study 


matt 


with regard to patterning in 
discontinuous stimuli, which may be 
related to the relatively minor role of 
continuation at the younger 
levels in Rus (1937) study. As 
irently conflicting results 

it should be noted that 
to patterns of matrices, in 
configurational element is 


age 


h's 


ly much stronger; further 
more, the sampling is much less ade 
quate and comprehensive than in 
Biemiiller’s experiment 
studies 


cite two 


as a convenient 


following sections on 


the 
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time-bound phenomena. Judd (1927) 
presented series of from two to seven 
stimuli in temporal succession, in in- 
tervals of one second, either in the 
form of tones or of visual flashes. For 
both modalities there was a regular 
and very substantial improvement 
from the first to the sixth grades in 
the S’s accuracy of identification of 
the numbers. Interestingly enough, 
at all levels performance was poorer 
for the flashes than for the sounds; 
there was some indication, moreover, 
that this difference between modal- 
ities increased with age 

The study, by Stambak 
(1951), with 
number as such, is closely related to 
Biemiller’s work on patterning, but 
over a temporal rather than a spatial 


second 


although not dealing 


In this experiment chil- 
dren and 15 


asked to reproduce a series of 21 


dimension 
between 8 years were 
heard rhythmic patterns, made up of 
three to eight elements in one to five 
This kind of tempor il 
integration again improved with age, 
but there 
sistency in the order of difficulty of 
the patterns at the different 
levels. The major determinant was 
the total number of elements in the 
pattern, but for the larger numbers 
the number of subgroups was an im- 
ant contributing factor. 


subgroups 
was almost perfect con- 


age 


Movement 
1 pparent movement. Several studies 
ap- 
parent movement have been reported 
1957; Gantenbein, 1952; 
Tobler, 1931); all agree in 
a decrease in susceptibility 


on developmental changes in 
(Brenner, 
Me ili & 
finding 
to the perception of such movement 
The most thor- 
investigations on this 
that bv Gantenbein 
has verified age 
trend across a variety of conditions 


with increasing age 
the 
problem 1S 
(1952), 


ough of 


who this 





276 JOACHIM F 
of stimulus exposure, systematically 
varying distance, temporal interval, 
and intensity, with 


exposure time 


results, i.e., an in 
the threshold be- 
and 

’ 


The same applied to the 


fairly consistent 


crease with age in 


movement 
threshold 


SUCCESSIOI 


tween 


} movement and simultaneity, 


the 


retween 
but 
much less pronounced 
du 
difficulty 


of simulfaneity in 


here age differences were 


his was ap 


parently in large measure to the 
of producing an 


the 


rit al 


ntly no upper threshold 
i Indeed, 


| the re 


study, 


rmine in 


just 


verse held true: age differences were 
iter for the movement-simultane- 


wre 


ity threshold, simultaneity being per- 


ceived at lower speeds by the younger 


children 
Meili ind obler 


children’s greater 


attribute 
to 


1931 
sus eptibility 
movement 


ipparent to a lesser spa 


tial stability of the stimulus in child 


hood 


n terms of a gre 


exp! ination 
for 
the 


They discount ar 
iter tendency 
wing that 
Talbot disc 


ear-old group is essentially 


sion inf 


childrer 
' 
| 


fusion threshold for n 

hive 
equivalent to that of an adult group 
While the number of Ss on which this 
comparison was based was rather 
SI ill, 


the 


several other 
FT 
1934 
Brenner 


mewhat l i n 


experiments on 
is finding Hart 
194? 


the 


confirm th 
Miller, 
1957 


basis 


tation 


on of i 
ot 
he irgument proposed by Meili ind 
lobler, sts that to 
ot 


their expl ination 
nt moverme t phe 


should he « ith 


This she finds not 


nterpre 


sugge according 


the age changes 
appare this 


ymenon orrelated w 


speed of closurs 
te be 
inverse correlation 
i Street-Gestalt test and the thresh 
old for apparent But 
there seems to be little reason to ex- 


so: there is, on the contrary, an 


between scores on 


movement 


WOHLWILL 


pect a relationship between closu 


in the recognition of meaningful 
tures from and 


partial cues, 


stimulus displacement involved 


apparent movement 
A phenomenon 
lated 


subject 


undoubted], 
movement 
by Pi wet 


a square rot 


to apparent 
study 
1951b 


eccentri 


' 
ind 


ola 
Lambe rcier ites 
path as 
incre the 


first to a 


ilong an circular 


the speed ot rotation 


ses, 


rotating square changes 
stationary cross and tl 


su bseque! 
two superimposed crosses, an 


Here 


increases progressive ly 


and an outer one wwain, as 
higher spe« 
ire required for the perception « 
single and double cross 

VUovement in complex 
the dire 


perception ol clton 


ment of a number of stim 


taneously displaced forms the topic 
of an interesting experiment by 
1954 A 
shown which can be displaced « 
to the 


ary, each independe 


column of five do 
ight or left or remain 
athe af 
patterns ol mover 
The S's t ask 


memory 


Various 
thus be preduced 


specily irom 
moved on any given trial, an 


Where two or more 


moved in opposite directions, 


direction 


rect identification of the dir 
movement turned out to be 
larly difficult the 
four to six ip] 


parti 
lor youngest 
dren (ages 
they 
right dimension with the vet 
sition of the dot. Further 


if errors of direction 


ire unable to coordinate 

‘ 

more. 
ire 

of 


iri il 


rect identification 


placed on a given 
iS the 


creased, but to a much larger exts 


creased number 


in young as compared with older chil 

dren 
Speed. In his unpublished thesis 

Edgren (1953) included tests of the 
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relative speed of two moving objects 
of conditions, 
by J. F 
\ge 
either nonexistent 
The only 


nd was observed ina 


variety as 


studied Brown 


differences 
sures 
ype of judgment in 

rd and variable were 
right angles to each other 

the d of 
st muli, Wapner 
found much more 
nt il 


mension 
1957 
changes in 
Phe 


outline 


opine 
ve Sp ed 


ot 


objec ts, one 


pairs 


representing the object in a 
on and the other showing 
esting motion 


7 «6 
) “a 


objects exposed simul 
moving belts, the S had 
speed of the latter (the 


ob- 


the 
to that of the “static” 
l For adults the 
ncided the 
w the children, who, to 
' 


gecreasing 


pare 
co with 
ogressively 
stimated the speed ot 
ius for them tl 


ie speed 
affected 


' 
the 


the 


by 


Ss ggested in 


novement “ 


is 
' 


quantities 


this experiment, as in 


the possibility ot a 
ie to the use of one 
is standard and the 
must 

east conceivable that 

to 
pared 
this effect might in- 


not be over 
underestim: te a 
to a variable 
\s 1oted previously, 
m of the “‘e ol 
ba ily need ol 


systematu treat 


ror 


in 


lwo levelopmental ifl- 
f the perception of cau 


the classical work of 


: ality . based on 
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Michotte (1946), should be included 
here, since this phenomencn is clearly 
of perception. 
Olum (1956) investigated three of 
Michotte’s varying the 
relative speeds of the two stimuli in- 
volved Whereas adults 
ceived the relatior ship between the 


terms of a re- 


an aspect motion 


conditions, 


most per- 


two stimuli either 


leasing 


in 


effec for one combination 


of speeds) or of a pushing effect (for 
the other 


much 


children’s responses 
for 

In particular, where 
the two 
identical or closely similar, a number 
ot 


any Cz 


two 


were more variable any 


give n situation 
stimuli 


the speed of was 


children without 


usal implications, such as pass- 


gave responses 
“tunnelling.” 
to 
observed 


ing, crossing, and even 
It is of difficult 


whether 


course decide 
the 
here reflect perceptual differences or 


shifts in verbal habits in the 


ive char yes 


rather 
description of a perceived relation- 
ship between two moving objects 


One result appears, however, to have 


1 well-founded perceptual basis: 
where the two speeds were in the ratio 
of 1:30. 


erceived 


a large number of children 
ap- 
Olum 


mutually 
which 


them 


das 


proaching—a_ finding 


quite plausibly attributes to the in- 


tervention of stroboscopic movement 


between the stimuli (which, as we 


have seen, occurs more readily in 
young childs 

Piaget and Lambercier 

the 

series from the Geneva laboratories, 

the same 

likewise find 


seven 


1958), in 


most recent of the studies in the 
on 


report phenomenon; 


they noncausal types ol 


responses in to nine-year-old 
children, where the speeds of the two 
stimuli were in the ratio of 1 to1. In 
fact, as late 13 years, half of the 
Ss gave such responses 

A variable more thoroughly ex- 
imined in this study is the spatio- 


temporal interval between the stim- 


is 
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uli at the point where the second 
starts to move. The younger children 
perceive a causal relationship be- 
tween the stimuli only as long as they 
perceive a physical contact between 
them, while for the adults the causal 
effect can a certain 
gap. On the other hand children per- 
ceive physical contact much more 
readily in the absence of actual con- 
tact, i.e., across much larger spatio- 
temporal intervals. It appears plaus- 
ible to relate this finding again to 
their greater susceptibility to ap- 
parent movement, both phenomena 


operate across 


demonstrating the lesser spatial sta- 
bility of the stimulus for the younger 
child, as argued by Meili and Tobler 
(1931 


Time 


Although the problem of time per- 
ception would seem to be intimately 
related to that of velocity, this rela- 
tionship does not emerge too clearly 
in the developmental literature on 
this subject, which has limited itself 
to judgments of either unfilled time 
intervals or of those filled by some 
static stimulus 

Fraisse (1948) children at 
ages 6, 8 and 10, as well as an adult 


tested 


group, by means of a reproduction 


technique, with time intervals of .5, 


1, 5 and 20 sec., both filled and un- 
filled. The main age difference ap- 
peared in the judgments of the two 
longest empty intervals, which were 
grossly underestimated by the young- 
est group; at the same time their 
judgments for the 20-sec. interval 
were characterized by extraordinar- 
ily large variability. Only slight age 
changes were found with the short 
time or with the longer 
intervals after the age of eight. On 
the basis of these results, Fraisse sug 
gests a distinction between time per- 
ception and time estimation, the 
former applying only to very short 


intervals, 
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time intervals (e.g., 1 sec.). Thus this 
author sees the younger children as 
deficient primarily in their estima- 
tion of time. 

The judgmental nature of the in- 
feriority of younger children is borne 
out ex- 
periment by Smythe and Goldstone 
(1957). They de- 
crease, between and 
in in 
by a 


to some extent by a recent 


report a steady 
seven 
the 
identifying a 1-sec. interval 
method of limits; however, following 
repeated exposure to this interval 
the children 


years 


adolescence, error made 


identified as one second, 
from eight years upward improved 
very markedly in these absolute-type 
judgments, much that the 
former age differences were wiped 


sO sO 
out. 

Lastly an older study by Gilliland 
and Humphreys (1943) is of interest, 
since it compared judgments of time 
intervals from 9 to 180 sex 
by three different 
tion, production, and reproduction, 
in two age groups (fifth graders and 
college adults). Although one might 
expect a superiority of the reproduc- 
tion method, which does not require 


. obtained 


methods: estima- 


an absolute scale of time, the actual 
favor of this 
method was barely significant. Ap- 
parently, for intervals of this length, 
the of 
time scale is essential even in a com- 
parative judgment task; this would 
be in line with Fraisse’s point of the 
nature of the judgment for 
longer intervals. As for the differ- 
ences between the two age groups in 
this study, the adults were more a 

curate throughout, but there was no 


difference observed in 


mediation some internalized 


these 


interaction, either between age and 
time interval, or between 
method 


age and 


Perceptual Learning 


Various studies cited in this review 


have given more or less incidental 
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evidence of practice effects; interest- 
ingly enough the extent of such ef- 
fects is in general approximately pro- 
portional to the level of initial per- 
formance, thus increases with 
age. This trend is seen in several of 
the studies from the Geneva Labora- 
(Lambercier, 1946a, 1946b; 
Piaget & Denis-Prinzhorn, 1953; 
Piaget, Maire, & Privat, 1954) in 
which judgments for a baseline con- 
dition were made at the beginning 
and at the end of the experimental 
session; the improvement usually re- 
sulting may of course be due either to 
practice per se or to the effect of the 


and 


tories 


interpolated conditions. 

The studies on cutaneous localiza- 
tion (Dunford, 1930; Renshaw, 1930; 
Renshaw & Wherry, 1931; Renshaw, 
Wherry, & Newlin, 1930) all included 
practice sessions under a 
single experimental condition, and 
thus provide more systematic and 


extensive 


unambiguous information on learn- 
ing effects in this type of task. Dun- 
ford found improvement with prac- 
tice again closely proportional to the 
initial performance at each age level; 
similarly in Renshaw's (1930) study 
the children, who were initially supe- 
rior to the adults, likewise benefited 
from their practice to a greater ex- 
tent 

We may related 
ploratory study by Gibson and Gib- 
son (1955) on the recognition of non- 


note also a ex- 


sense designs: over a series of trials, 
children between 8} and 11 years of 
age showed considerable improve- 
ment, while a six- to eight-year-old 
gave very little evidence of 
learning. This difference seemed to 
be related to the Ss’ readiness to 
verbalize the main stimulus dimen- 
sions on which these complex stimuli 


group 


varied. 

Perhaps the most interesting as 
well as the most thorough of the 
studies on the effects of practice is 


279 


that by Noelting (in press) on the 
Miiller-Lyer illusion, investigating 
changes in this illusion over a series 
of 20 trials. Noelting found a pro- 
gressive increase with age in such 
changes, which tended to counteract 
the illusion. The youngest groups 
(ages five to seven) actually showed 
either no improvement or an increase 
of the illusion with practice. A poly- 
nomial trend analysis of the error 
curves, furthermore, disclosed that 
there was curvilinearity at all age 
levels: the curves went through a 
minimum (or maximum), followed by 
a slight reversal. 

The interpretation of these age dif- 
ferences in perceptual learning must 
await a more adequate explanation of 
the nature of such learning effects, 
particularly since, occurring without 
benefit of external reinforcement, 


these cases of improvement with 


practice are not readily accounted for 


Wohlwill, 


hy pothesis 


in associative terms (cf. 
1958). plausible 
might be that in at least some in- 
stances these practice effects are at- 
tributable to adaptation processes 
cf. Kéhler and Fishback’s (1950) in- 
terpretation of changes in the Miiller- 
Lvyer illusion, in terms of satiation. 
The available evidence on develop- 
mental changes in adaptation (Carini 
& Carini, 1958; Giannitrapani, 1958) 
indicates, however, rather a tendency 
for adaptation to decrease with age. 
Perceptual learning and perceptual 
development. A question relating to 
perceptual learning in a more general 
sense concerns its role in the develop- 
mental changes in perception which 
we have considered in this review. In 
what sense and to what extent are 
these changes interpretable as learn- 
ing effects? Unfortunately, few if 
any developmental studies have 
achieved the kind of control over Ss’ 
prior experience that would be re- 
quired for an answer to this question. 


One 








WENTAIT 


most of the work on this 
the 


process 


question, however, framework 


of the 

the rod-and-f test ol 
ta 1954) involving a frame 

se spatial proximity to the stim 
being ju d, the influence of 
strongest at the 
The actual role 
framework it 
ds thus to be 


els 
percep 
ym would be to 
lin a near-by 
is itself in conflict 
note it al 
| 


SO Me 


fine 


thus both inc 
lex patterns will 
By the 


lus permits of 


' 
same 
xles of percep 
volving the least 

will be the one 

young child 
nsonant with 
chil- 


ng continuous linear 


mo 
young 


igure task 


il det: 
furthermore, witl 


early childhood 


in matching and 


equivalence experiments 


in competition with 
indant cues such 
Knoblauch, 


Colby 


solidity 
1931 


and color 


TUDIE 
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consider 
different 


the decreasing dependen¢ Vv 


& Robertson, 1942 Lastly 
a phenomenon of an entirel 
order 

nn cues in the 


Here if the 


ild requit amount of 


ultiple 


younger 


surplus information, 1n the sense of 


the simultaneous presence ot a va- 


riety of cues which are usually cor- 
related 


lhe 


work 


T he 


contrast 


of veridicality 
issimilation and 
a problem of con- 


t bhlem 
pro 1 
on 


etiects 


point to 
siderable importance for theories of 


perceptual d 


do changes 


evelopment 


perce} ti asa func tion olf age or 


learning necessarily tend towards 


veridi lity, as Gibson and Gibson 


1955) have argued? Although start- 


from rather different premises 


ing 
from the Gibsons’, Piaget in his con- 
ception ol perceptual development 
ikewise emphasizes the increasing ac 


curacy of perception, resulting from 


the intervention of regulatory mech 


and 
Pia- 


“decentrations” 
get, 1950 

Delboeuf and 
bear this 
decreases with 


inisms such as 
“transports” (cf. Pia 
the 


illusions 


pe t's studies on 


parallel line out 
view, demonstrating 
age both in assimilation and in con- 
trast In Pi the main 


which needs to be made 


wet'’s view, 
distinction 


spatial and temporal 


since in the case of the 


is betwet 


ihenomena, 


I 
l 


itter the regulatory mechanisms are 
not given an opportunity to inter- 
thus the increase in successive 
age in the Usnadze 
& Lambercier, 1944 

within the framework 
of sensory-tonic theory (Werner & 
Wapner, 1952), on the other hand, 
Wapner and Werner (1957) have ar- 
a formulation which largely 


vene 
with 
hUSIO P iget 


Uj ating 


contrast 


rived at 
eschews any reference to veridicality 
in the 


it hypothesizes; 


developmental trends which 
these are rather 


specified in terms of the changing 
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interplay of a system of forces which 
to 
error (as in the development of the 


increase 


may operate as readily 
| 


compensatory mechanisms in judg- 


ments of verticality) as to reduce it 
(as in the decreasing effects of static- 
object stimulation, exemplified in the 
starting-position effects in the sam 
situation). With respect to the illu- 
sions, Wapner and Werner similarly 
imply that assimilation effects de- 
crease with age, with a concomitant 
increase in the strength of contrast 
‘ffects, as shown in their results for 
the Titchener-circles illusion. 

In the 
problem represents one of the central 


view of this writer, this 
unresolved questions in the area of 
perceptual Further 


and more thorough investigation of 


dev elopment 


this question would provide us with 
the empirical basis for a more ade- 
conceptualization of the char- 


quate 
acter and direction of developmental 
changes, and would thus shed light on 
the relative merits of the models of 
perception proposed by Piaget and 
by Wapner and Werner. At the same 
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means everything it means nothing” 


Murray It 


gree projection’ 


is then 
Murstein 


1 Prvyer's final definition of projec 


litheult to 
on (1959, p. 370), why they quoted 
quote from the Malleu 
Murstein & Prvyer, 
Hallucination, not 

1, 


term usual if 
S$ stir up the inner 

“that they appear to 
impression irom exterior 
Quotes from Murphy and 
Murstein & 1959, p 


nteresting but will be seen 


Pryer, 


more relation to ‘New Look” 
n than to projection. We 
that the admonition 
arent effect on their 
projection 
the au- 
the 
wish 


issue with 
ion system on 


ounds | 


nless we 
late the term ‘projection,’ 


ould seem appropriate to use it 
the process rele rred to in 
attribution of internal 

to some external per 
ly ict 


we I] h ive played a 


irate extension 


the confusion 


but, nevertheless, added to by 


recog- 


Murstein and Pryer. 
Projection is defined as “the proc- 
ess of unwittingly attributing one’s 
wn traits, attitudes or subjective 


CHASI 
Cloud, Minnesota 


processes to others” (1 nglish & Eng- 
lish, 1958). In relation to this defini 
tion the Murstein and Pryer classifi 
cation of “attributive projection” is 
clearly redundant and relatively use 
less for purposes of classification. A 
more useful classification would re- 
sult from considering the presumed 
purposes of the mechanism. 

Iwo major categories are immedi- 
We might term one 
type defensive the 
predictive the 
sive projec tion the mech 


ately obvious 


projection and 
other projection. In 
case of defer 
anism 1s seen to operate in defense of 
he ego. One's own unac¢ eptable or 
denied characteristics are attributed 
Murstein and Pryer's 
falls 
into this category, and we may dis- 
the rather term 


In the case of predictive 


to another. 


projet tion’’ clearly 


4 
Ciassit al 


pense with loaded 


' 
! 


“classical.” 
projection a problem in forecasting or 
describing the behavior or charac- 
teristics of others is the task of the 
individual. In the face of insufficient 
evidence about the objects of his pre- 
dictions or forecasts, the S tends to 
attribute some of his own character- 
istics to the object The comments 
cited by Murstein and Pryer to sup 
port their category of “‘attributive 
projection” all involve the predictive 
as the primary 
purpose of the mechanism. 

that Murstein 
Pryer are on tenuous ground when in 


“attributive projes - 


or torec asting aspec t 


(ne can see and 
discussing their 
they attempt to dispense with 
the and the 
concept. They state that this cate- 
gory is not concerned with either 
concept. It can be easily argued that 
projection of any kind 


tion” 


both unconscious self- 


personality 
cannot occur without a self-concept 
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to project from, and that the self- 
concept and projective process may 
be characterized by a considerable 
range of consciousness although it is 
likely that defensive projection, at 
the time it occurs, is largely uncon- 
scious. 

It is difficult 
prompted Murstein and Pryer to in- 


to understand what 


clude a category of “autistic projec- 
Relying for definition again on 
the dictionary (English & English, 
1958) we find that “autism” is de 
fined as: “‘a tendency in one’s think- 


tion.” 


ing or perceiving to be regulated un- 
duly by pe rsonal desires or needs, at 
the expense of regulation by objec 

tive reality (p. 59). Is it unrea 
sonable to classify all personality pro- 
jection as autistic? In defensive pro 
je tion the need which clearly exerts 
such a strong effect is ego defense 
In predictive projection the need is a 
function of the lack of data about the 
object. If we follow Murstein and 
have to define all 


Pryer we would 


I eed determined pere eption is pro 


rection 


rhe logic that prompted Murstein 
the 
a type of 


and Pryer to categorize ration 


alization of 
is difficult to understand. 


pro ection as 
projec tion 
Rationalization is a mechanism in its 
If the S, particularly if 


defensive 


own right 
he has been using 
tion, 
rationality 


projec - 
becomes vaguely aware of the ir 
of his projection and also 
in the service of the ego r itionalizes 
his projec tion, this is not nex essarily 
a type ol projection 

It was a pleasure to have the re- 
search review made available to the 
reader, and it was hoped that as the 
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end of the article was approached the 
authors would resolve some of the 
semantic confusion criticized 
In their final definition, how 
ever, they were unable to escape the 
consequences of their earlier think 
ing. Their attempt to limit their defi- 
to “perception or judgments 


earlier 
abov e 


nition 
having to do with the personality’ 
(Murstein & Pryer, 1959, p. 370 


thoug! earlier 


was 


laudable even they 
had dealt so cavalierly 


This reader was totally un- 


with the self- 
concept 
prepared, however, for the statement 
that projection is “the ma 


of behavior by an individ 


indicates some emotional value 
need of the individual’ (Murstein & 
Pryer, 1959, p. 370). To 


definition would mean tha 


: 


CCC} 
of Murray's warning, we w 


lude as projection i 


, 


to im 
following short list: react 
tion, rationalizat on, 

limation, suppression, com 
displacement, identificat 


jection, fixation, obsession 


s10n, dissociat 


ph intasy, 
draw il, conversion, 
love, hate, eating 

though 
reflex may be ex« mpt 


items such 


Let us still agree 
Das 
Pryer 
mechanism needing con 
rch effort. 
j fl} 


at more precise and usc! 


and that “pr 


Let us hope wit! 


classification ‘ 


Let us not, 


tion and 
achieved. however, 


endeavors to achieve scientifi 
for a concept neglect the principles 
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of logic and functional definition 
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Interest in the effects of early ex- 
perience upon the behavior of adult 
animals has increased significantly 
in recent years as evidenced by in- 
vestigations of problems ranging 
from the genesis of filial behavior in 
aves to the ce velopment of tactile dis- 
crimination in primates. In general, 
this increase in interest has been due 
to a growing awareness that analysis 
of the 


fundamental 


role of early experience is ol 


importance in under- 
standing many aspects of adult be- 
Witness the 


at has been concerned with 


havior amount of re- 
search tl 
the influence of neonatal sensory dep- 
lorm 


rivation on functions such as 


iminations, interocular transfer, 


roblem solving capacity. Con- 


sider also the number of studies de- 
signed to investigate the relation be- 
tween early social experience and the 
sexual and parental behavior of the 
adult 


Although these studies have called 


organism. 


attention to the effects of variations 
on the on- 
variety of verte- 


still lack 


understanding of the man- 


in neonatal experience 


togeny of a wide 


brate respo 


| patterns, we 


any clear 
ner in which these effects are exerted 
Beach & Jaynes, 1954). For ex- 
which particular develop- 
involved when 


ampie, 
mental 
the 


mal is restricted such that it subse- 


pro esses are 


sensory environment of an ani- 


quently shows increased emotional 


' Research presented in this paper was sup- 
ported by Research Grants M-1732 and M- 
2417 from the National Institutes of Health, 
Public Health Service. The writer wishes to 
acknowledge with appreciation the many 
helpful suggestions offered by Evelyn Raskin. 


excitement (Melzack & Thompson, 
1956) as well as decreased respon- 
siveness to pain? (Melzack & Scott, 
1957). That early experience is in- 
fluential in structuring adult be- 
havior can scarcely be doubted, but 
the which influence 
operates is, at best, only incompletely 


means by this 
understood 

rhe results of a recent study by 
Fantz (1957) 
increased understanding of the man- 


suggest that desire for 


ner in which intraorganic processes 
and extrinsic stimulus conditions in- 
teract in some 


cases, be better served by employing 


ontogeny can, in 


species-specific responses as indica- 


tors of this interaction rather than 
behavior established through instru- 
mental conditioning. A species- 


specific pattern suitable in this re- 
spect would be one that occurs with 
predictable regularity very early in 
the life of the organism and which, 
although stereotyped in its expres- 
sion, is nevertheless liable to exten- 
sive modification by manipulation of 
the sensory environment. The phe- 
nomenon which Lorenz (1935) desig- 
nated as “imprinting’’ appears to 
meet these requirements. As to the 
importance of studying imprinting 
for understanding the effects of early 
experience on the organization of be- 
havior, (1951) writes: “‘It 
needs, and would repay full and pre- 
investigation al- 


Chorpe 


cise experimental 
most more than any other aspect of 
animal behaviour”’ (p. 256). 

It is the purpose of the present 
paper to attempt a critical evalua- 
tion of the research literature con- 
cerned with imprinting and, on the 
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this evaluation, to 
further 


basis of suggest 


hypotheses for empirical 


study. 


SoME DEFINITIONS OF IMPRINTING 


In 1873 Spalding reported that in- 
hatched chicks tended to 
follow persistently the first 
object to which they were exposed 
Heinroth (1910 
attention to this phenomenon when 


( ubator 
moving 


subsequently called 


he reported that graylag geese can 
be made to respond to humans in 
filial fashion in preference to adults 
ff their own species if they are ex 
ywosed to humans just after hatching 
later, Lorenz 1935 


Several years 


oncerned with analyzing the fun 


tional significance of stimuli in- 
volved in releasing and directing the 
social behavior of birds, extended the 
Heinroth's ob 


servations and provided a theoretical 


empirical basis of 


framework within which to interpret 


these observations. Lorenz empha- 


sized that in certain species of birds 


a wide variety of either animate or 


inanimate objects « cquire, in the 


ibsence of any conventional rein 


forcing agent, the capacity to evoke 


certall ispects of behavior that are 


ordinarily directed toward members 
of the species 

Since the conditions under which 
in object can 
the 


havior 


icquire this capacity, 


ind characteristics of the be- 


thus evoked, were considered 
unique, Lore nz designated the pro 
ess or mechanism involved 

To dis 


tinguish imprinting from associative 


special term—imprinting 
learning, he emphasized the follow- 
ing aspects of the imprinting process 
r only dur- 
the 
of short dura 


1. Imprinting can oc 


ing a very definite period of 


animal's life; a period 
tion during which the organism is as 
critical 


sumed to be in a stage of 


is if 


physiological development. Th 
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WOLTZ 


a graylag gosling, for example, is to 
respond to a human (or ar other 


relatively large moving object 
filial fashion, initial exposure to 
human within 

The effect 


this exposure is at first shown by 


must occur 
hours after hatching 
the 
fact that the gosling persistently tol 


lows its 
, 


Surrogate parent 
Unce imprinting occurs 
That is, 


anim il 


fect is irreversible the 


ulus to which the exposed 
during the brief critical period hence 
forth 


stimulus or the only 


becomes either the preferred 


stimulus toward 
which the following response will be 
directed. This preference, ot 


est iblished, 


presumably 


ce it 1s 
remains extremely 

the 

Thus with refere: 

195 


throughout 
the animal 
lag geese, Lorenz | 


their 


gray 
“Once tive socia 


imstim 


tions are transposed to 


being, their behavior does 1 


in the least even if 


years with other 


own species and 


Whi 


comp ny” p 105 


ment is perhaps too extrem 


taken as representative « 


the 
is no doubt that 


views on 


there 


question 


inting produc es mod 


that 


impr 
behavior were ¢ 
resistant to change. 

3. Lorenz pointed out that 
idult behavior that 
the 


aspet ts of 
functional in neo! 


during which im 


inting 1s <« 


will nonetheless he dire: ted 


the “imprinted object 
tional st itus is subsequen 


The fact that 


earl) 1 ontogeny can in 


exposure 


specif i fashion, is vet 


response patterns was 
characteristic of the impri: 
Lorenz cited the case 


parakeets ! 


css 


shell that d 
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courtship activities toward humans 
in preference to available members of 
the species as a consequence of their 
having been “imprinted” to humans 
This behavior was 
held to be the result of imprinting and 


iberrant sexual 


not of conditioning since, as Lorenz 


1955 maintained, “ you cannot 
condition any not-yet-functioning re- 
sponse in the ordinary way” p. 209 


4. When a _ bird 


printed” to a parti ular stimulus it 


becomes “im- 


will readily transfer its following re- 


sponse as well as other social re 
sponses to all members of the class to 
that 


other words, imprinting was assumed 


which stimulus belongs In 


to result in attachment not to the 
in object but to 


Thus 


whet 4 gosling, for example, is 


specihc features ol 


its weneral characteristics 


hatched under a muscovy duck, it 
only its 
but all 
ies to which its 


subsequently follows not 


particular ‘“‘foster parent 


members of the Spar 


parent belongs Lorenz conceived 


of imprinting is it operates in na 


a method of acquiring a 


ess ot species 


" a method 


sures that social behavior will 


bevond the 


, 
nad the species 


parent but not 


iy contemporary ethologists 
would dec] 


e to draw as sharp a line 


betwer nprinting and associative 
id done earlier 


im- 


Lorenz h 
tblication 


that 


i recent | 
laintained 
nd conditioning should per- 


onsidered as continuous 


us distinct processes 


But while the attempt to distinguish 


in an absolute manner between im- 


printing and conditioning has been 


there nevertheless re 


in emphasis on the innate 
the imprinting 


(1956), {or 


ispects ol 


| hor pe 


pro ess 
example, con- 


ceives of imprinting as functioning to 
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9 the 
inherited 


He points 


complete for the animal 
initiated by its 
constitution” (p. 118) 

out that many avian species at the 
time of hatching possess a neurosen- 
that 
not only to stimuli 
the but 
provided by a variety of moving ob- 


processes 


is initially re- 
pro- 
to stimuli 


sory mechanism 
sponsive 
vided by parent 
jects that are quite unlike the parent. 
Since, as Thorpe assumes, the ac- 
tivation of this mechanism functions 
to release the following response, its 
lack of selectivity renders the social 
behavior of the animal potentially 
susceptible to control by almost any 
relatively large object that possesses 
the quality of motion. 


that this condition, if it were to con- 


It is obvious 


tinue, could hardly prove biologically 
adaptive, so that early in ontogeny 
the animal must acquire a preference 
parti ular class of objects to- 


be- 


I xposure to any moving ob- 


lor a 


ward which to direct its social 
havior 
ject during the critical period serves 
to establish this preferen e by mak- 
ing the releasing mechanism more se- 
henceforth it will be 


that object or by 


lective so that 
activated only by 
objects of similar configuration. Fa- 
1951a) and Ramsay (1951 
consider to be the 
selectivity 


bricius 


! 
also imprinting 


process that increases the 


of the releasing mechanism, insuring 
that the social behavior of the animal 
will be evoked by a relatively limited 
range of stimuli. 

1935) was first to 
that there marked 


differences among avian species with 


the 
were 


Lorenz 
point out 
respect to their “imprintability” and 
was the first to ascribe these differ- 
ences to genetically determined vari- 
ations in the specificity of a hypo- 
thetical releasing mechanism.  Lo- 
renz (1957) that some 
birds can be imprinted only to mem- 
the 


emphasized 


bers ol species since their 
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innate perceptory patterns are 
267) that 
be re 


so highly differentiated” (p 
the following response cannot 
leased by any other object. Thus cur- 
lews and great godwits, for example, 
cannot be made to direct their social 
behavior to such biologically inap- 
propriate objects as a human 
[here arte 


however 


cardboard box 


other avian species, 
goose, and 


which can be imprinted re 


graylag mallard 


moving objects that daifter gt 


and shape Chis is assumed 


to be due to the f t 


in size 


that in these 


species the str ture of the releasing 


mechanism at the time of hatching is 


to the extent that 


7 ’ 
differentiated only 
activated Dy 


it can be moving obje 


objects 


and not by stationary 


Lhe conce ption ol impr 


process that functions to incre 


specificity ol 


I i hypotneti« il releas 


ing mechanism carries with it the 


sponsibility ol 8} 


the behavioral « 


or ; 


courti 
Indee 
recognit 
1945) an 
song through 
bers of the 
should ilso 
sul ol the 
while such indi 
the sul 


been ect of mucli 


ney have received 
examination 
Recent investigators, i 
fort to study the imprint 
nomenon systematically . have tended 
to concentrate experimental atte! 
, , 


tion almost entirely on the following 


response. The present paper will also 
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deal primarily with the following re 
sponse and, in addition, will use the 
term imprinting to denote a particu- 
lar experimental operation and not a 
process or a mechanism. It is re- 
alized that by proceeding in this way 
the 
“flavor” of imprinting becom« 
“attenuated” but (as 
such attenuation is 

he: paucity of 


view ot the 
lhus 


pro 


ness and, indeed, the 


unique 
ome- 
what will be 
shown believed 
necessary in 
| ! 
iva lable empiri al evidence 
imprinting will be det 


visually presen 


cedure ol | 


, ' 
animai a large moving object 


the first several hours of 


ions that in 


not associated 


conventional reinforcing 


food and water 
been foun 
of the object in such 

species as ducks, geese, coots, 


he However 


imprinting has not 


his proce: 
| to evok« i clos 
moor- 


and domest: fowl 


been uned ; 
following either 
in mammals 
that he w 


aaws 


CX} riment 


more ¢ arefully 
ditions before they ca 
accepted. To broaden 
of imprinting so that the 
on might encomy 


cies al , in ar 
a greater y of behay 
is not likely to prove 
salutary It need har 
that sy 


| beard 
necessarily preclude 


stemat« Si 


the ent 
that 


demonstrated 


Consi ‘ 


havior has been 


not 
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to modification by the imprinting 
procedure. 


IMPRINTING AND THE CRITICAL 


PERIOD 
that imprinting has 


generated so much interest is that the 


One reason 
effectiveness of the procedure appears 
to be restricted to a specific period of 
development. It will be recalled that 
Lorenz maintained that if an object 
is subsequently to elicit following, 
to that object 
atively brief period 


initial exposure must 
occur within a rel 
after hatching 


the bird was 


1 period during which 


to be in a criti 


issumer 


il ck velop 


cal st we ot 


ment. Recently, several investigators 
have attempted to obtain evidence 
regarding the range of the critical pe 
riod. For ibricius (1951b 


fted ducks following 


example, I 


reports that in tu 


can be elicited only if initial exposure 
occurs before 12 hours of age, while 

l, readiness to follow a 
object was still ap- 


ises after exposure 


, 


hours 
the 


s long as 7 
mallard, however, 
inimal following a 

is found to be in 
related to the age at which 
tial expos curred ley and 

Boyd (1950 it for the 
coot likely to 


administered 


versely 


» shown th 
imprintin is most 


prove efie f it 1s 
within the first « 
of hatching. Ramsay and 
Hess (1954) found that for both mal- 
lard « ind Bantam chicks, 
13-16 hours after hatching appeared 
to constitute the 


The d that as little as 10 min- 
utes of exposure to a male model de- 


ght hours from the 


occurrence 
11 

ICKINYS 

period 


critical 


rm porte 


coy during this time was sufficient to 
produce a strong approach response 
in a subsequent choice test that in 
volved the familiar model and an un- 


familiar female decoy. The incidence 


295 


of correct choices was found to de- 
crease sharply when initial exposure 
occurred either before 13 hours or 
after 16 hours. 

While there is undoubtedly a criti- 
cal or sensitive period during which 
exposure to a moving object is most 
inducing 


with respect to 


effective 
subsequent following, it is nonethe- 
less possible to elicit the response in 


some cases even if initial exposure is 
delayed long past the period that has 
been designated as “‘critical’’ for a 
Steven (1955), for ex- 
a lesser white 


given species 
ample, reports that 
fronted goose that was captured wild 
when between one and two weeks of 
a strong follow- 
Under 
trolled laboratory conditions, 

and Rosenblum (unpublished 

that of 16 Peking ducks kept in iso- 
lation for the first three days of life, 


age soon developed 
con- 
Moltz 


found 


ing 


g response to man 


five showed a strong following re- 
sponse after exposure on the fourth 
day to either a moving cardboard box 
or a model decoy However, when 
initial exposure occurred during the 
critical period (i.e., 8-10 hours after 
hatching) 14 of 16 birds displayed 
vigorous following After establish- 
ing the fact that chicks 
the critical period appeared to be con- 
fined to within the first 24 hours after 


Jaynes 


in domestic 


the occurrence of hatching, 
(1957 able to 
following of a cardboard cube in inex- 


was induce strong 
perienced chicks as old as six days 
by exposing them to the cube for sev- 
eral While the 
original report by Spalding on the 
following of domestic chicks contains 


consecutive hours. 


only a few procedural details, it is 
apparent that he observed close fol- 
lowing in some birds on the third day 
of life after removing the opaque 
hoods which these animals had been 
wearing from the moment of hatch- 


ing. 
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Hinde, Thorpe, and Vince (1956) « 
reported that as initial exposure to a 


moor 


| 


i] layed, i 


; 
t 


S was cle 


m 
rowressive ly le ss likely 


ot 


hens bex ime | 
7 

n 

n 


follow, 
i] 


’ 
liTACUI 


t while coot were 


) 


‘ 


iffected 
to 


Nh 


; 
i¢ 


] 
I 


al 
niOowl 
! 


found possible 


ay 


SorTie Coors eve ci¢ 


utl ’ " ; 
twwLnors SURKOCSLC 


the 


T} , 
siitc™ 


between two 
‘ | 
j 


it whi 


s due lo 


, , 
I the 


| 
IAC 


; 
= 


} - 
aeveiop 


irom 


eriod 


i 
} 


implied 
' 

£31 

some cases rOlowWwiIng 


initial exposure has been de 
’ 


I 


severa loubt cor 


the val 


period as | 
the here 


the crit 


eiving 


illy af 


would not, 
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lo be sure, even if the 
’ 


rganism 
il 


appe 


xl were less flexible than 


I per 


itn ( 
t to be, this la 


t irs 


n itself, 


I 


pr 
it ft 


irgument th: 


is the product of 


ermined condition 


arly 


; 
Sil 


might re 


Tht 


extrinsi 
ol 


‘ 


tain 
lar 
ul 


st ny 


ontow 
at 
not be« 


iLe 


respons c both 
later stage 
ing ol 
but beca 
through 


be tween 


some 
1s 
the 

the 


i scnsory 


1956 


lH 
THI 


its 
however, ior 
the 


here 
to 


ually in 


thre 
the 


ughout the 
ot 


though 


attachment 


to man, 


sec 
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fluenced indirectly by the early ex- 
perience, could have been due to a 


later With 


fixations, 


learning process” (p. 21 
these sexual 


h is 


since Spec il 


relerence to 

lhorpe 1956 ilso stated that 
precautions 
nforcement by subsequent 
taken, this 


pe rhaps 


gall 
cond yt r were not 
»| 


iyed a | irge, 


the 
the 
The only studies relevant to 


later course 


| 
part in 


ind strength of phenomenon” 
p 258 
the problem of “irreversibility” that 
have been po rformed with reasonable 

re those that have dealt 
following response It is 


ittention will 


imprinting 
nodifications 
rreversil can be inter 
two wa’ once expo 
bject induces 
issimilar ob 
following i 
ie to occur 
lecrement in 
i rst inter 
with the prob 
while 
the 
stability during 


the same 


mization, 


ned with 


ms ol 


, they will be 


h ive 


udies been re 
relevant to the prob 


and of 
mpted to vary system 


ization these, 


generalization stimull 

ern has been whether 
inimals that have followed a particu- 
lar obiect will 


object 


subsequently follow an 


familiar when the latter is 


presented wone or in combination 


with the familiar object since the 


relation between familiar and un- 
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familiar was not ordered along any 
these 
generalization 


meaningful continuum in 


studies, no precise 
function can be specified. 
and Boyd (1952-1953 


exposed one group of mallard duck- 


I abri ius 


lings to a balloon and a second group 
brown box within the first 
from the occurrence of 
After several days, during 


to a 
24 hours 
hat hing 
which time repeated presentation of 
the familiar object the 
birds were exposed to the unfamiliar 


occurred, 
object either alone or in combination 
with the familiar one. Fabricius and 
Boyd reported that several birds fol- 
lowed the unfamiliar object, but in all 
cases the “response was less intense.”’ 
Unfortunately, no data were pr 
sented which would permit one to de- 
termine the relation between initial 
response strength and the magnitude 
of the generalization decrement. 
Using coots and moorhens, Hinde, 
1956 


Thorpe, and Vince conducted 


a number of generalization tests, em- 
ploying objects as different from the 
training object as a box moving along 
from a man walking 


tal procedure involved 


a wire difiers 
I he experimel 
presentation of the generalization ob- 
ject either immediately following 
initial exposure or after a number of 
opportunities to respond to the train- 
The re 
fol- 


model on 


ing object had been given. 
that many 

generalization 

which it 
following was 
and 
however, 


showed birds 
the 


first 


sults 

lowed 
the 
presented, 


occasion on was 
although 
hesitant unstable 


that 


frequently 
lhere is no doubt, 
generalization occurred and that re- 
sponse to an unfamiliar model was a 
positive the 
with which the training model was 
followed. Hinde, Thorpe, and Vince 
concluded that imprinting does not 


function of strength 


“irreversibly modify’’ behavior, since 
following one object does not pre- 
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clude subsequent following of mark- 
edly dissimilar objects. 

Jaynes (1956) has presented data 
chicks which agree in 
most respects with the data obtained 
The pro- 


on domestic 


from coots and moorhens. 


cedure Jaynes employed consisted of 


exposing new ly hatched chicks to one 
of two dissimilar cardboard objects 
(i.e., a green cube or a red cylinder) 
that moved irregularly about an al- 
ley. After following had been well 
established, the unfamiliar object 
was presented alone. In all cases a 
decrement in responding to the un- 
familiar object was evident, although 
examination of the data left no doubt 
that 
curred 


considerable generalization oc- 
On this basis Jaynes con- 
cluded that it is 
that imprinting produces irreversible 
effects if 
to mean a high degree of specificity 

Moltz and Stettner 
attempted to test for generalization 


“clearly untrue” 


irreversibility is construed 


unpublished) 


uSsiI and an 


g an apparatus ex peri- 
mental procedure similar to that em- 


I loved by 


group of Peking ducks for 25 minutes 


Jaynes. They exposed one 
per day for three days to a model de- 
1 10-ft 
A second group was exposed to a 


coy that traveled about alley 

green cardboard cube that described 
the same pattern of motion as the de- 
irth or fifth day 


one half of each group was presented 


coy On either the fo 


with the object to which it had not 
been previously exposed. Behavior 
in relation to the unfamiliar object 
ranged from initial avoidance to close 
and following Of those 
birds that followed during the gen- 
eralization reached the 
level of responding that was in evi- 
dence prior to the test. It is rather 
surprising that the magnitude of the 
generalization decrement did not ap- 
pear related in any consistent man 
ner to initial response strength (rho 


persistent 


test, none 
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=-—.07). Jaynes also reported in- 
ability to predict magnitude of this 
decrement from knowledge of the 
strength with which the familiar ob- 
ject was previously followed. It will 
be recalled that, in this respect, the 
results of Hinde, Thorpe, and Vince 
are contradictory. The fact that the 
generalization decrement exhibited 
by coots and moorhens covaried with 
initial response level, while that ex- 
hibited by Peking ducks and 
mestic chicks did not, cannot be ex- 
the 
empirical evidence 

It is obvious that a systematic in 


do- 


plained on basis of available 


vestigation of imprinting in relation 
to the generalization phenomenon ts 
required. Future research might be 
directed toward trying to order stin 

meaningful 


uli along some contin- 


uum (such as size or shape) so that a 
more precise generaliz ition function 
addition, the 


the 


can be specified. In 


between variations in 


imprinting procedure e.g., duration 
i if fol 
ibil- 


tively 


relation 


of exposure, energy expend 
lowing, etc.) and the subsequent 
ity of the bird to respond sele 
familiar 

But perhaps before 


mentione | 


to a obiect iso req 


study investi 
gating any of the above 
parameters, the 


used to test for generalization should 


various aures 


proce 


be subjected to experimental analy 


sis, since presenting the familiar and 


unfamiliar Itaneously 


than 
found to exert different effects 


objex ts 


rather successively has been 


on the 


temporal course of the generalization 


decrement. 


Response Stability 


As was noted previously, there are 
two ways to interpret the statement 
that imprinting produces irreversible 
modifications in behavior lhe first 
interpretation is relevant to the prob- 


lem of stimulus generalization and 
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the contention that once exposure to 
a particular object induces following, 
subsequent following of dissimilar ob- 
jects is precluded. The second inter- 
pretation is that following a familiar 
object will continue to occur without 
any significant decrement in response 
strength. 

Before proceeding to discuss the 
problem of response stability, it 
recalled that one of the 
conditions specified in defining im- 


should be 


printing is that the object to which 
the bird is exposed initially is not to 
be associated with any conventional 
reiniorcing rhis 
should also be made to hold for all 
If it can be 
shown that following remains stable 


agent. condition 


subsequent exposures 
in the absence of any obvious reward, 


the attempt to identify the 
factors involved in maintaining the 


then 


response is likely to prove systematli- 
cally On the other hand, 
if following results in the receipt of 
or if the object fol- 
reward 


signihcant. 
food or water 

lowed acquires secondary 
value through association with such 
reinforcing events) the problem of 
stability becomes trivial. 
the 


restricted to an examination 


response 
Consequently, analysis below 
will be 
of those studies concerned with de- 
termining the functional course of the 
following response under conditions 
that appear to involve neither pri- 
reiniorcement. 


mentioned 


mary nor secondary 
However, it 
that in some cases it was difficult to 
to which rein- 
Many 
“imprinting studies”’ have been car- 
under seminatural condi- 
tions and reports of these studies of- 


should be 


determine the extent 
forcement had been involved. 
ried out 
ten do not supply sufficient detail 
the method employed. 
when the experimenter 
followed (as in 


concerning 
| Spec ially 
was the object Lo- 


renz’ early work), it becomes pertinent 
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to inquire whether the animals were 
fed by the experimenter and, if so, the 
extent to which he became ‘“‘con- 
taminated"’ with reinforcement. The 
studies that follow seem to be suffi- 
ciently free from such contamina- 
tion. 
Fabricius 
although he 
strong following response in tufted 
ducks, shovellers, and eiders, the fol- 
“gradually dimin- 
ished"’ beginning at about three 
weeks of age. Nice (1953) employed 
essentially the same procedure as 
Fabricius, and found that in 
shovellers following began to wane 
at approximately the same age. Al- 
though in many respects Fabricius’ 
study represented a pioneer effort, 


(195la) that 
was able to establish a 


reported 


lowing response 


also 


it was performed under conditions 
that left much to be desired with re- 
gard to the degree to which the bird's 
experience in the test situation was 
controlled. Under more 
adequately controlled test condi- 
tions, Fabricius and Boyd (1952- 
1953) found that mallard ducklings, 
within the first 10 days of age, ceased 


somewhat 


following a moving box to which they 
had “at- 
tachment.”’ Fabricius and Boyd con- 
tended that this rapid decrement in 


previously shown strong 


response strength was in part a func- 
tion of the fact that the animals were 
housed collectively. Why this should 
interfere with following was not made 


clear. 

Following appears to be somewhat 
more stable in coots and moorhens, 
for Hinde, Thorpe, and Vince (1956) 
observed that a decrease in response 
strength first became evident after 
four to five weeks of testing in moor- 
and until seven to eight 
weeks in coots. There was no doubt, 
however, that even the intense fol- 
lowing of the coot began to wane 
and that “‘by the end of the juvenile 


hens not 
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mallard behav was recently reported by Moltz 
1951a) reported and Rosenblum 1956b They ex- 

n tufted posed Peking ducks for 25 minutes 
per dav for three days toa <« ardboard 


moved about an en losed 


Hinde, Thorpe, 


speak of the fleeing cube that 


hens and Jaynes illey. Those birds which showed evi 


same behavior u dence of strong following were re- 


[he writer has tained for further study and assigned 
Peking duck to either an experimental or a con- 
tJeginning on Day 4, 


trol treatmen ey 
tal Ss were given daily 


the 


lar manner to a 
unfamiliar stimul the experime 
ir habituation sessions, eac h ses- 


t while the bird sion consist! of placing S in the al- 
les in the absence the obie 7. \t 


wever, that this be 1-ho 


whe rh ith « lose 


st object the conclusion of ich session the 
object was urned to the alley and 


the bird ermitted to follow 


The control were treated in 1 


} 
ic 


the experime! 


experiment il situa 
marked reduction 


following re- 


| m of 
present luring the 


to the test objet « 


that n experi- 
proce lure designed to in- 


inxiety during the test period 
following It ap 
pears reasonabl o assume that ele 


' 
shock, as istered in the ab- 


tuation in the ibsence tri 
which a strong follow- sence of object but in the 
sponse had been previously at presence muli previously asso 
will subsequently prod ciated with following, will produce 
the strength of that re ‘ater anxiety arousal during subse- 

quent presentation of the object than 


this hypothe- if the shock had been 


ny } 


idministered in 
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v 


dif- 
On this basis we can 
the 


the presence ol discriminably 


ferent stimull 


formul: 


ite 


the 


u 1 second hypothesis: 


greater similarity between cues 


present during shock and those pres- 


ent during exposure to a test objex ce 
it which the 


obj« t be 


the greater the strength 
of that 


ed 


following will 


wnfai 
maintall 


Evidence relevant to this hypothe- 


’ 
sis has been presented recently by 
Moltz, Halikas 
1959 iw ducks were again ex 
| to a cardboard cube for 25 min- 
10 days Prior to the 


— 
eduled exposure ol Day 


Rosenblum, and 


1 
Peku 
pose 
ior 


utes a day 


regularly scl 


oved from the 


1 to one 


ie object was ren 


and the Ss were 


aSsixg 


gneqd 


iour treatment n 


» 


groups. I at 


onsisted in confi 


“45 


ung 
minutes in a 
the ol 
d of stainless steel rods for the 
ol shox k 
the Os confined 


the 


iss compart 


floor which was 


Con- 


delivering One 
was in the 
latter 
’ 


one i 


compartment wher was in 


the remaining ialf was 


ipartment when 
The Ss were 
, , 


AaUalt Tf 


i} ived a 


~t s} OC KS dur 


the 


shocked. It 


ts col 


innement; 


r subgroup w not 


was found that Ss that had been 


is 


snocked in the uiey dur 


luring 
to the Ss 
of the other subgroups with respect 
No si 


among 


connne- 
ment were clearly superior 


to the strength of following 


differences 


g- 
; 


at urred 
| er s ibgroups 


aiso teres eg 


the protocols revealed that superior- 
ity strength was related 


, , ' 
to several behavioral ind 


in response 


ces ol 


anxi 
ials that had 


ety. For example, anin 


beer s| ked I 
ti MCA KCU itl 


alley subse 


it 
were 


the 
Lait 


quently emitted a gr many dis- 


tress calls when they not near 
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the object and would olte 


startled suddenly for no 


reason 
that 


defecation frequent! 


n become 


oparen 


‘)) 


This startle behavior a 


y 


panied it were exhibited cons 


less often by the other ani 
ing their exposures to the t 
These results are clearly 
theoretical 

that 
the 
sure to the test object is an 
variable the 
at which 


tained 


with expectati 
the anx 


period 


they suggest 


present during 


determining 


following will 


Of course, many other 
of the hypothesis that 
following is related to a 
be examined before the par 
this relationship becom 


example, we would w 


ne whether strengti 
ir tunct 


ion 


re 
i 


ising the 
it some poin 
rganizat 


d also w 


to which level 
sh ape 


In act 
experiments des 


pothes s have er iploye 


sively, so that 


the 


exclu 


concerning ue eT 


sults It is con eivable 


differences among 


speci s with regard to 


ety in maintaining 
Ly spite 


following behavior o 


following 


pears to resemble closely 


other (Collias & Collias 


interspecies Comparis 
be m ide be fore we cal 
foll fl 


iS iflti 
v iriables and serves tl 


wing ence 

tive function in all species in 
Interesting probl ! 

phylogeny of behavior would 


occu®rs. 


imals dur- 


st obiect 
inh i 

on, s ct 
ety level 
ol 


‘ XPo- 
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if it were found that closely 
related species differed markedly in 
the whic h 


stimulus conditions 


sented 


variations in 
affected their 
the response 


extent to 
tendency to maintain 


once it was established. 


Wuy FoLLowinGc Occurs 


Lorenz’ early statement concern- 
ing the uniqueness of what he desig 
nated as the imprinting process has 
been found to be largely unsupported 


We have 


seen that while the procedure ol vis 


by experimental evidence. 
\ prese nting a moving objec ttoa 
bird of 


' ' 
invariably mauce 


1 certain age will al- 
following, 
‘18 no empirical justification for 
ng that the 
iffects any 
We have 


1¢ acquisition of the following 


procedure, as 
directly other re 
svstem also seen 


is neither rigidly restricted 


sponse 

a specific period in ontogeny nor 
irreversible once it is established. In 
iddition, we have been able to pre 
sent experimental evidence which 

a positive relationship be 
the 
he following re 


However, we 


tween level of anxiety and 


trength at which 


gth 
is maintained 
is yet discussed what is cer- 
most intriguing aspect of 
ting phenomenon: namely, 
at all. 
this 
hypothetical 
the init: 
assumed to be genetically 


yet no 


ng occurs 


swer to question 
' 
reieasing 


il selectivity of 


letermined However, as 


ence has been pro- 


ch, in the writer's opinion, 


the assumption that such a 


mechanism is involved in the de- 


nent of the following response. 
that, 
per- 


rla maintains 
innate 
not 


laims for 
nata 


lequate experimental 


h ive been 
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investigations” (1957, p. 95). There- 
fore, disavowing the concept of the 
releasing mechanism, we turn to ex- 
amine those processes and events in 
ontogeny which appear likely to con- 
tribute to the development and or- 
ganization of the following response 
In order to provide a framework for 
the present analysis, let us consider 
the under which follow- 
ing has been studied in the writer's 
laboratory and the behavioral events 


conditions 


most frequently associated with the 
occurrence of the response. 

Che apparatus that has been em- 
well-lighted 
10-feet 
A motor connected to a pulley 


consisted of a 


ploy ed 


wooden alley approximately 
long 
system was used to drive the test ob- 
about the alley at a 
A duckling between 8 and 10 


this ap 


rect constant 
speed. 
hours old when placed in 
varatus for the first test trial, usually 
I 


The 


and ap- 


exhibits very little locomotion. 
drowses 
the 
when it passes near him 
time none of the conspicuous signs 


However, when 


animal frequently 


attend to object only 


During this 


“ars to 


ol anxiety is present 
the animal is reintroduced to the ap- 
paratus 24 hours later for the start 
of the second 25-minute test trial, it 
distress fre- 
alley for a 


calls and 


the 
brief period before beginning to fol 


begins, the 


emits many 


quently runs about 
(nce following 
the increases 

until duckling 
comes to devote the entire period to 


As long as 


low 
strength of response 
progressively the 
pursuing the test object 
it remains in close proximity to the 
object neither distress calls nor 
startle responses are usually emitted. 
What we have just described is the 
sequence of behavior most often ob- 
served to accompany the develop- 
ment of the following response. Varia- 
have, of 


For ex- 


tions in this sequence 


course, also been observed. 
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tion of visceral and cardiac activities, 


some fraction of which can become 


conditioned to previously neutral 


stimuli. It is assumed that during the 


period the (classical) condi 


these implicit low-anxiety 


occurs simply by virtue ol 


their association with the object ind 
does not in any way depend upon re 


llorcem However, as a result of 


+} 


this conditioning the object acquires 
pacity to tunction as a reimn 


henceforth mediating new 


Sper ically, it 1s assumed 
inxiety is subs quent 


instrumental 


resp. rise 
cont 


inimal into 
ir «object will 
time by at 
ne previously 
hie obiect to elicit 
inxiety 


sho ild 


either 


with 

t ol the obiect 
occur until 
“* to 

value 

The re 

vel and the 
strong 


] 1. 
h is aiready 


over which 


uned 
| the fact that dur 
itial exposure to 
the 
emo 


1¢ test object 
rs ol 
iring subse 
distress calls and 
become prominent 


\ problem 


these anxiet re 


Mvior 


illed that during the 

il exposure the bird is 
observed to remain in one 

of the alley 


section ind to drowse at 


Relatively few 
the 


objec t, 


alley, including the 
seem to com 


I he ob 


moving test 


mand the animal's attention 
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the visual 


environment, while many other stim- 


ject appears to dominate 


ulus aspects of the apparatus remain 


“unexplored” and hence unfamiliar 


['wenty-four hours later, however, 


the bird's ability 
improved consider ibly 


to move about has 
and at the 
trial it only 

but 
about the alley It 
unlikely that 
excitement 


start of the second not 


ippears more alert frequently 


runs does not 
the diffuse emo- 
that the 


hibits at this time occurs primarily 


seem 
tional bird ex- 
n response to the unfamiliar features 


of the alley environment with which 


it now comes into contact 
Recent studies Hebb, 
1954; McBride & 
Melza 1952 
tional behavior in several vertebrate 
that 
can frequently be elicited by strange, 
but inn the 


1946; Jer- 
Hebb, 1948; 


of the genesis of emo- 


species have shown strong tear 


visual stimuli in 


oOcuous, 


ibsence of any specific avoidance 


conditioning. What was found neces- 
} 


sary for the development of this tear 
response Was a period ol ¢€ irly sensory 
contact with the environment during 
which time the “familiar’’ apparently 
Phus, Melzack 


emotional behavior 


becomes established 
that 
may appear at any stage ol the 


states 


inimal’s life when the situation dif- 
that the animal 
1954, p 


responses 


fers greatly from any 
already encountered” 
While the 
duckling occur very e 
there is little doubt 


evoked by un 


has 
167 


t the 


anxiety 
ariyv inl 
ly, that 

frequently 
visual stimull If 


and 


that the bird displays during the first 


the pr yor 


locomotor ittentive capacities 


trial do, in fact, result in limited sens- 
ory contact with many aspects of the 
alley, then it 
that 
later when, by virtue of increased ac- 


appears reasonable to 


expect anxiety will be aroused 


tivity and general alertness, the bird 


subsequently comes into contact with 
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This ex- 
results 


these unfamiliar stimull 
by 
indicating that improve- 


ability 


pectation is supported 
Hess, 1958 
ment in locomotor is closely 
accompanied by an increase in the 


frequency of fear responses during 


the first 36 hours from the occurrence 
of hatching. 


Without 


rele asing me hanism 


appealing to an innate 
that 


exclusively in the organization of the 


iunctions 
following response, we have been able 
to suggest an explanation of the man- 
ner in which this response comes to 
be established in 
ote that our concep- 
the 


ars to 


ontogeny It is 
interesting to! 
tualization of imprinting phe- 


be 


some respects to the two-factor hy- 


nomenon appt similar in 


pothesis of avoidance learning ad 
Mowrer (1954), Schlos- 
and Solomon and Brush 


Classical- 


vam ed by 
berg (1937 


1956 


Both invoke a 


tal conditioning sequence 
for the bel 


SO lomo! 


avior they seek 
1 and Brush, for 
inxiety 


to explain 


example, conceive of is being 
conditioned toa Cs by a “pro ess ol 


simpie st 


my 
Pavlov 


nsory association 


issical conditi 
guity of the 


iroused by 


essful in terminat- 
» followed close! 
red 


We have also rae 


ction al 


. ' 
Ise f * classical conditioning of 


implicit drive-associated reactions 


which we have ed result subse 


' 
; 


assun 
quen the reinforcement of cer- 
tain responses through a process of 
instrumental conditioning. Of course, 
our concern has been the condition 
and 


reintorcement ol 


low-anxiety reactions 


the 


ing ol 


therefore with 


approas h rather than with avoidance 


responses when anxiety is aroused. 
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EVIDENCE RELEVANT TO THI 
PRESENT ANALYSIS 


The value of any theoretical en 


deavor should be measured not only 
tn terms of its capacity to integrate 
available data but also in terms of the 
extent to which it can generate novel 
not 
functional relationships 
therefore, 


present analysis in terms of 


previously formulated 
It must be 
the 


em 
determined, whether 
nxrety 
reduction is capable of mediating pre- 
dictions concerning the influence of 
certain selected variations in the 
printing procedure on the acqui 

of the following 
turn now to cot! 


and stability 
sponse We 


} 


some of these pred trons 


» Ohiert 
ine U0 f 


Characterists of 


It has bee noted that 


ture of the avian incre 
We 
1 that this sensitivity 
limited 
tentive capas 


hatched bird 


eve 
tivity to movement 
geste 
with the locomotor 
ities) of 

probal 

moving test object to a 
visual held at least dur 


thin 


trial However, w 


the present 
] 

Visudi bs) 

mmand 

ial at a time 
low should 
id subsequt 
ipproat h 


elicited 


reinitorce 


anxiety is 
i iditor \ 


function in this fashior 


a pre potent 


support ol the conten on 
ing can be induced by st 
than that provided by a1 


ject has been reported rece 


mY 


several investigators 


James 1959 pl wed =P 


Ro k 


tained a flashing light at one e1 


chicks in an alley that 
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continuous light 
end The chicks soon developed a 
the intermit- 
tent light as evidenced by the greater 
number of approach and 
by the tendency to re- 


main in 


at the opposite 


strong preference for 
responses 
increasing 
the vicinity of the light once 
Parentheti 
cally, it might be added that James 


re ported the 


it had been approac hed 


frequency of distress 
markedly when the 
ty of the inter- 


sO interesting to 


secre ised 


It is al 
object consistently asso- 
h the intermittent light 

juently induced following when 
it moved about the alley. The same 
being paired with the 


as either ignored or 


iuditory stimuli, 
1956) found that 
several species 

tendency to 

fa repetitive 
even when the 
id is not 


1952-1953) also 


V isible 


epetition ol 
t strong follow 
it is associated 
ohbiect Indeed, some 
ded 


ng sound than 


re Spo! more 
Howe ver. 
litory stimulus 
occurred 
had 


ol varying 


lowing 


been 


, 
mulus 


suggested Ramsay 


hough a wide variety 
s can induce fol 
perhaps more ef 
be 1use they bear 
e to stimuli nor 
the biologi il 
it might be ex 


ma 


example, 


i model decoy of a 
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ture hen would elicit stronger follow- 
ing in a naive bird than a cardboard 
cubé,-er that the simulated quacking 
of an adult duck might serve better 
than the rhythmic repetition of a 
nonsense syllable. Such a suggestion 
implies the existence of a central 
neural mechanism that is genetically 
patterned so as to correspond to cer- 
tain stimulus configurations more 
than to others. It is further 

that the the 


respondence between extrinsic stim- 


closely 


implied closer cor- 


ulus and neural structure the more 

easily the following response can be 
released 

While we have found no evidence 

that innate perceptual 

schemata of any kind are involved in 

the the 


response, the questior raised above 


to indicate 


development of following 


concerning differential stimulus ef- 


fectiveness should be examined. Con- 
sider the visual modality, and recall 
; 


that we have already treated the 


problem of moving as compared with 
lates to the 
organization ol While 
there to rank 
order moving objects with respect to 


stationary stimuli as it r 
following 
has been no attempt 
the degree to which they resemble the 
then to 


follow - 


irent and test 


1 induc 4 


ness 


ivail- 


i! 
ing, the limited data that are 


able indicate that there is no positive 
relationship Thorpe, 
Vince (1956), for found 
that a black box was somewhat more 
than a 


ind 
example, 
stro gly followed moorhen 
model by 
However, 
ployed 


cluded that there was 


both moorhens and coots 
the objects em- 
they 


no indi- 


when all 


were considered, con- 


es 
cation that any particular character- 
istic, other than movement, was of 
24 


so reports that shape and, 


espe ial importan e” (p 


Fabricius al 
within wide limits, size are unrelated 
occurrence or to the 


either to the 





following. To emphasize virtue of their size, shay 


t he exposed ducklings to the movement. It is not u 


forward movement ol ; expect amount ot reti 
tly the : ‘ similar receptor-excitat 

be related to the extent to which 
! ‘ P 


i oricnts ow 


; 


ind hen c 


foll 


possible to 
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rence of the following response. In- 
deed, it should be possible to delay 


TT 
yportul 


op] 


‘ity to follow until well past 
the critical period, as long as initial 
exposure occurs during the appropri- 
It is predicted that when 
then permitted, the ani- 
the 


it does when it is allowed to 


d as strongly to 


ts own behavior. 
re several studies which 
pport this « x pec tation 
Moltz, Rosenblum, an 


placed Pek 


in apparatus designed 


ip iblisl ed 

to restrict novement 
n unobstructe 
raveled abo 


os were expose 


fashion for 2 
lays; in 
at ap 
When 
into the 
this ob 


iced 
to follow 
| 


re onaed if i manner in 


hable from control Ss that 


pursuing the object 
period of time. 

ssentially the 
Plymouth 

il. had used with 

it a flashing light 

object When 

tted to respond, 

light 


1 
siv as control 


Same 


Rock 


as Ire 


not been previ- 

i) also pre sented data 
ccord with the assump 
acquisition of reward 

I in object is not dependent 
upon the occurrence of overt follow 


R He 


ages to a movil uf 


exposed chicks of various 
irdboard cube for 
The object 


me 30 minute period 


Personal communication, 1958 
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was then removed for 10 days after 
which time S was again placed in the 
apparatus and allowed to follow. Our 
interest is directed toward those ani- 
mals that showed no “‘overt”’ signs of 
following during initial exposure. It 
was found that these Ss responded 
than Ss 
shown 


somewhat strongly 
that had 
tendency to follow the object. Jay nes 


used the term “latent imprinting” to 


more 


previously some 


emphasize the fact that the effects of 
exposure to a moving object might 
not become manifest in behavior 
until several days later 

A study reported recently by Hess 
(1957) contains data which do not ap- 
pear to be in accord with theoretical 
expectation, since they indicate a re- 
lationship between energy expendi- 
ture and imprinting effectiveness. 
Hess exposed mallard ducklings to a 
model decoy that moved about a cir- 
The distance the decoy 
traveled, and consequently the en- 


ducklings 


varied 


ul if aliey 
cre expended by those 
that followed 
while duration of exposure was held 
constant. A choice 


ployed involving the 


closely, was 
test was then em- 
familiar model 
unfamiliar 
color either 
It was found 


and an 
different 
moving or stationary 
that 
which 


stationary, 


now 
model of a 
increasing the distance over 
the duckling was required to 
follow functioned to increase percent- 
age choice of the familiar model. 
Since this finding has been consid- 
ered to reveal a unique feature of the 
(Thorpe, 1956; 
must carefully 


imprinting process 

Verplan k, 1958) we 
examine its relation to the present 
hy pothesis First, percentage ¢ hoice 
was the response measure that Hess 
employed, while our hypothesis has 
been formulated primarily in terms 
of strength of following. The reason 
for restricting the hypothesis in this 


way is that percentage choice and 
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strength of following have been 
found to provide different estimates 
of imprinting effectiveness. Jaynes 
(1958b), for example, reported that 
chicks which had strongly followed a 
moving cardboard model  subse- 
quently failed to choose consistently 
between it and a strange object when 
both Rosenblum 


and 


stationary. 
have 


were 
the write: 
compared the 
ducklings that had strongly followed 
a moving object with those of duck- 
lings that had either not 
mitted to follow during exposure or 


systematically 


choice responses ot 


been per- 

had not been previously exposed. No 

significant differences were found 
he apparent failure of the choice 


technique to yield data that are con- 
with 


interesting problem 


following 
Per- 


haps the inconsistency is due to the 


sistent strength of 


presents an 


mechanics of the choice technique 
Consider the fact that a moving ob- 
ject is suddenly made stationary and 
is placed in apposition with a str inge 
obiect Not only 

<d as a result, but an important 
of the familar 


is the test situation 


iracteristi 
} 


has been changed; 


lus ch 
namely, 
it it Since 


such changes are involved in the very 


s no longer moving 


nature of the choice technique, it 


might be expected to provide 


1 some- 
what lower estimate of imprinting ef- 
fectiveness than that provided by a 
technique that does not require any 
change in test conditions 

A second point can be raised with 
respect to Hess’ contention concern- 


' 


the relation between energy ex- 


penditure and effective- 


On the basis of what has just 


ing 
imprinting 
ness 
regardir iM the generaliza- 


decrement involved in the use of 


been said 
tior 
the choice technique, it would appear 
reasonable to expect a procedure that 
allows the object to retain the same 


speed and pattern of motion through- 


HOWARD MOLTZ 


out the experiment to be superior, or 
at least equal, to the choice technique 
in reflecting differences in imprinting 
effectiveness. Certainly, if Hess’ re- 
sults point to a fundamental feature 
of imprinting, it should be revealed 
quite clearly by using strength of fol 

the 
when 


lowing as measure 


I if ywwever, 


response 
the 
sponse was employed 


following re- 

without in- 
volving any change in the stimulus 
characteristics of the test object) no 
relation between energy expenditure 
and effectiveness was 
found 


posed to, but not permitted to follow, 


imprinting 

As was noted above, birds ex- 
a moving object subsequently fol 
lowed as vigorously and as strongly 
that had 
tively pursuing the object during the 
time It can, of 
ulthough the 


were closely 


as control birds been a 
same pe riod of 
course, be argued that 
experimental Ss con 


fined, some activity (and hence some 


energy expenditure) was still 
ble. However, neither Moltz et a 
Footnote 2 found 


relation between the amount of 


p™ SS! - 


! 


nor James (see 
any 
that was exhibited and sub 
Indeed, the wri 

ietly 


follow 


activity 
sequent following 
observed that some birds sit a 
during confinement and then 

vigorously when the opportunity was 


mals 


} 
Certainly, these ani 


afforded 


expended less than their 
matched controls which at the same 
10-ft il 


, 


energy 


time were running about a 
ley in close pursuit of the obje 

The data we have just cited seem 
to indicate that the effectiveness of 
imprinting is dependent neither upon 
energy expenditure in general nor 
upon the occurrence of overt follow 
ison- 
that 
that 


imprinting 


ing in particular. It appears r 
able to maintain, 
Hess’ (1958b) 

hago ee 
equals the log irithm of the effort ex 


pended by the animal during the im- 


the refore, 
statement 


strength of 
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printing period” (p. 85) requires ad- 
ditional empirical support before it 
can be generally accepted. 


Anxiety Level and the Critical Period 


The results of several studies indi- 
cated that there is a period in on- 
togeny during which initial exposure 
to a moving object is most likely to 
induce subsequent following. We 
have maintained that the importance 
of this period with respect to the 
organization of the following re- 
sponse is a function, not of some spe- 
cifically preformed “growth plan,” 
but of the presence of a low-anxiety 
drive that provides the occasion for 
the conditioning of certain associated 
Che fact that this drive 
state is most often prepotent during 


responses 


a relatively brief stage of behavioral 
development largely limits the effec- 
tiveness of initial exposure to the 
first 15 or 20 hours from the occur- 
rence of hatching. The present an- 
alysis suggests, however, that if the 
sequence of events assumed to be in- 
volved in the organization of the fol- 
lowing response were to reoccur at a 
later stage of development, then it 
should be possible to establish the 
response in an animal to which the 
imprinting procedure had not been 
previously administered. In other 
it is predicted that irrespec- 
age, the simultaneous occur- 
low-anxiety drive and a 
visually dominant (but unfamiliar) 
object, will result in vigorous follow- 


words, 
tive of 


rence of a 


ing if anxiety is subsequently aroused 
in t. e presence of that object either 
through the introduction of shock or 


through the introduction of novel 
(but innocuous) visual stimuli. 
There are, of course, many prob- 
lems involved in testing this hypothe- 
sis; the major problem being that of 
drive manipulation. Recall] that a 


naive duckling older than 20 or 25 
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hours will often show marked avoid- 
ance of a completely strange object, 
making it difficult to reestablish the 
initial phase of the assumed drive 
sequence in the presence of that ob- 
ject. Of course, allowing sufficient 
time for habituation to occur might 
result in the desired drive level, the 
response components of which could 
then become conditioned to the ob- 
ject. Subsequent exposure, but in an 
unfamiliar stimulus situation, (which 
would presumably result in anxiety 
arousal) might then induce strong 
following due to the previously ac- 
quired anxiety-reducing value of the 
object. However, if exposure initially 
elicits fear, an opportunity is pro- 
vided for components of the fear re- 
action to become conditioned to the 
object, this event being inc ompatible 
with the drive sequence assumed nec- 
essary for the occurrence of following. 
Gray (1958) has demonstrated that 
such conditioning can occur quite 
rapidly and often remains evident for 
some time. Thus, although data have 
been obtained (Jaynes, 1957) which 
indicate that prolonged habituation 
will frequently result in a “high level 
of following,” a procedure that would 
eliminate, or at least reduce, the fear 
manifested initially by juvenile and 
adult birds in response to a strange 
object would certainly be preferable. 
In short, in order to test the hy- 
pothesis under consideration we re- 
quire a method that provides a more 
“direct” way of reestablishing the 
low-anxiety state that was present 
during the critical period. 

A promising lead in this respect 
has been offered recently by Hess 
(1957) in connection with a study in- 
volving the use of such “tranquiliz- 
ers’’ as chlopromazine and mepro- 
bamate. He reported that these 
drugs produced a marked reduction 
of emotionality when administered 
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to mallard ducklings ranging in age 
from 24 to 32 hours. Of 
the fact that the use of chlopromazine 


interest is 


served to increase imprinting effe 
tiveness at an age when the imprint 
ing procedure is largely ineffective 
that if 
| 


iy past 


It was found naive animals, 


chronological the critical pe 
riod, were exposed to an unfamiliar 
object under the 
chlopromazine, they 
after the drug had 
sponded more frequently to that ob 


while influence of 
subsequently 
worn off re 
ject than control animals of the same 
which either water or nem 


butal had been administered. Unfor 


age to 


tunately, while this result is in ac 
cord the analysis, the 
fact that meprobamate did not prove 


eflective 


with present 
when employed under the 
same conditions, renders interpreta 


difficult 
dictory 


tion Perhaps the contra 
results are due to the widely 
different pharmacological properties 
of the two drugs; chlorpromazine be 


ing an autonomic suppressant (or a 


trar quilizer in the narrower sense olf 


the term) and meprobamate a centra 


Berger, 1957 

currently being conducted 
in the writer's laboratory in the at 
; 


the influence of 


relaxant (cf | xperi 


ments are 


tempt to determine 
several different tr inquilizing agents 
on the development of the following 


response. It is predicted that, irre 
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development and stability of fol 
Much onal 


lowing response 


data, obtained through 


study of a variety of avi 
ire required before the par 
this relationship can be spec 
sely Further 
al il effort 
directed toward deter 


laws governing the ac jul 


experimental 
might 


id theoreti 


rhitiit 


response ciftet 


established in relatior 


following 
tion ot those respon 
which contemporary 
is it present conce 
' 
pressing, Salivation, 
lieved that the imprinting pn 
ne 18 Of Sultici 


“nt theoret ( 


theo 


both to learn iy 


La ‘ 
to ethologists to warrant such 


deavor 


NCES 

mecha 
tuk, 1956 

Fapricius, | 
icta Zool 


b ABRICIUS I ~ 


s of fa y 
73, 378-400 
Etholog 
Fennica, 1951 
© xix 
ing phenomena 1 luch 
‘ongr., 1951, 375 
& Boyp 


owing react 


rm 
abRictus, f 


iw 
Gray, P. H. Theor 





IMPRINTING 


ing in human infants. J. Psyckol., 1958, 
46, 155-166 
Hess, D.O 


Rev., 1946, 53 


On the nature of fear. Psychol. 
250-275 
Wild 


itterworth, 


animals in 
1950 

Beitrage zur Biologie, nament- 
gie und Physiologie der Anati 
Verhandl. 5th Int. Ornithol. Kongr., 

1910. 589-702 
H Effects of 
ing in waterfow! 
1957, 67, 724-732 

_ © 


mepr »bamate on im- 


Ann. NY Acad 


and theories of, 
ted at 


¥ iden rs for 
American 


of Ss 


Paper preset 
; 


ivancement i 
December, 1958 


tility of inst 
, Lond., 1955, 
W. H., & Vow 

response al you ig 


Behaviour, 1956 


eG ff chol ry *v Jersey 
1, 1954 
Der Kun 


Orn 


mvelt d 


83, 137-213; 


pan in der I cs 


Lpz., 1935 


N rt panion in the bird's 
tuk, 1937, $4, 245-273 
K. Morphology and behavior pat- 


In B. Schaff- 


closely allied species 


313 


ner (Ed.), Group processes New York: 
Josiah Macy Found., 1955. Pp. 168-218. 
Lorenz, K. Companionship in bird life. In 
Claire H. Schiller (Ed.), IJmstinctive be- 
havior: The development of a modern concept. 
New York: Int. Univer. Press, 1957 
McBrupe. A. F., & Hess, D. O. Behavior of 
the captive bottle-nose dolphin, Tursiops 
truncatu J. comp. physiol. Psychol., 1948, 
41, 111-123 
Meuzack, R Irrational fears in the dog. 
Canad. J. Psychol., 1952, 6, 141-147. 
Mewzack, R. The genesis of emotional be- 
havior: An experimental study of the dog 
J comp physiol Psychol., 1954, 47, 166-168 
Meuzack, R., & Scott, T. H. The effects of 
early expenence on the re sponse to pain Pf 
comp. physiol. Psychol., 1957, 50, 155-161 
Metzack, R., & Tuomrson, W. R. Effects of 
early experience on social behaviour. Canad, 
J. Psychol., 1956, 10, 82-90 
Menner, E. Die Bedeutu 
\ ige des \ ogels fur die Wahrnehmung von 


ng des Pecten im 


nebst Bemerkungen uber 
seine Untogeme ul 1 Histologie Zool 
i ibt. allg. Z Physiol., 1938, 48, 
$81—583 
Motz, H 
tion of variations in stimuli associated with 
shock. J. exp. Psychol., 1954, 47, 418-424 
Mortz, H., & Rosensium, L. A. Imprinting 
and | stability of 
the following g ducks 
physiol 


Be wegungen, 


Resistance to extinction as a func- 


associative learning: The 
Peki 
ina pialyraynchot j mf 
1958. 51 
& ROSENBL' 
habituat 


response mp 


Psychol Sa0 

Mo xtz, H.., 
between 
the following 
Psychol., 1958, 51, 658-661. (b 

Mottz, H., Rosensium, L. A 
Nina. In j 


printing and level « 
mp. physiol. Psychol, 


} 1959 
Mowrer, O. H. Leart 


The re 
stability of 


physiol 


let 1 
mtvion 


& HALIKAS, 
f anxiety. J. 
52, 240-244 
Historical 


Harvard 


ing theory 

review and re-interpretation 
educ. Rev., 1954, 24, 37-58 

Nice, MARGARET. Some experiences in i 
printing ducklings. Condor, 1953, $5, 33 

Pumpnrey, R. J. The sense 
Ibis, 1948, 90, 171-199 

Ramsay, A. O. Familial recognition in do- 
mestic birds. Auk, 1951, 68, 1-16. 

Ramsay, A. O., & Hess, E. H. A laboratory 
approach to the study of imprinting. Wilson 
Bull., 1954, 66, 196-206 

ScHLOsBERG, H. The relationship between 
success and the laws of conditioning. Psy- 
chol. Rev., 1937, 44, 379-394. 

Scunerrta, T. C. Interrelationships of the 
‘innate’ and the ‘acquired’ in instinctive 
behavior. In L'Instinct dans le comporte- 





314 HOWARD MOLTZ 


ment des animaux et de Thomme. Paris: 
Masson et Cie, 1956. Pp. 387-452. 
Scunerrata, T. C. The concept of develop- 
ment in comparative psychology. In Dale 
B. Harris (Ed.), The concept of development: 
study of human behavior 
Press, 1957 Pp. 78-108 
With original ob 
servations on young animals. MacMdlan's 
Magazine, 1873, 27, 282-293. Reprinted in 
Brit. J. anim. Behav., 1954, 2, 2-11. 
Socomon, R. L. & Brusa, Evinor 
derived conceptions of 
In M. R. Jones 
braska symposium on motivation 
Nebr. Press, 1956, Pp. 212-305 


Am issue in the 
Univer. Minn 


SPALDING, D. A. Instinct 


Experi 
mentally anxiety 


Ed), Ne- 
Univer 


and aversion. 


Steven, D. M. 
in a wild gosling. 
1955, 1, 14-16 

Tuorre, W. H. The evolutionary significance 
of habitat selection. J. anim. Ecol., 1945, 
14, 67-70 

THorre, W. H The 

Ibis, 1951, 93, 1-52; 252-296 

Learning and instinct in ant 

Cambridge: Harvard Univer 


Transference of “imprinting” 
Brit. J. anim. Behav., 


learning abilities of 


birds. 


THorre, W. H 
mals 
1956 

Verrcanck, W. S. 
Paper presented at the American Associa- 


Press, 
, 
Imprinting and learning 


tion for the Advancement of Science, 
Washington, D. C. December, 1958 


(Received April 2, 1959 





Prychological Bulletin 
1960, Vow. 57, No. 4, 315-317 


CONTRADICTORY CONCLUSIONS FROM TWO SPEED OF 
PERFORMANCE MEASURES 
EUGENE S. EDGINGTON 
Kansas State Teachers College, Emporia 


Speed of performance can be ex- 
pressed in terms of amount performed 
unit of time or amount of time 
per unit of performance. The follow- 
ing example will show how different 


per 


the interpretation of computed sta- 
tistics can be, for these two alterna- 
tive measures of speed of perform- 
ance 

The speeds 1 are 


hypothetical running speeds for two 


shown in Table 


rats, each rat being sampled on two 
rhe 
expressed in two ways 
Rat A on the average 

feet per 
therefore, faster. 
Rat 
more seconds per foot travelled and 


different occasions same ob 
servations are 
in the table. 
travelled and 


more second 


was, However, the 
same rat, A, on the average took 


therefore, slower 


, 
was 


TABLE 1 
Iwo Ways 


ATS EXPRESSED IN 


Seconds per Foot 
1 /Feet-per- 
Second) 


Rat B 


Rat A/Rat B 


sO 25 
125 20 


625 45 
3125 225 


One way of settling the contradic- 
tion might be to accept the conven- 
tion of physicists to express velocity 
only in terms of distance per unit of 
but this would 

anyone who considered dis- 


time, solution not 
satisfy 
tance per unit of time and time per 
unit of distance to be equally valid 


expressions of speed. 


Frequently in research the running 
times and latency times of rats are 
subjected to a reciprocal transforma- 
tion prior to statistical analysis; that 
is, the statistical analysis is carried 
out, using the reciprocals of the run- 
ning times and the reciprocals of the 
latency times. However, a significant 
difference between means of the re- 
ciprocals of running times cannot be 
interpreted as indicating a significant 
difference between means of running 
times. The same is true of latency 
times and their reciprocals. 

Furthermore, the nonlinearity of 
the relationship between the two re- 
ciprocally related measures (Y = 1/X) 
indicates that there can be incon- 
sistency between them for any statis- 
tic that is derived from addition or 
subtraction of measurement values. 
Among the statistics subject to in- 
these conventional 
the mean, the 
standard deviation, and the product- 


consistency are 


parametric statistics: 


moment correlation coefficient. 

Any computed significance levels 
that or sub- 
num- 


two 


are based on addition 
traction of the measurement 
bers different for the 
measures; thus, one of the measures 


can be 


might lead to the rejection of a null 
hypothesis while the other measure 
might not 

Up to this point the discussion has 
dealt with running times and latency 
times of rats, and the reciprocals of 
these measures. However, the statis- 
tical contradictions presented are not 
the result of carrying out the statis 
tical analysis with the reciprocals in- 
stead of the original data. Either of 
the two reciprocally related measures 
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sequ illy valid as measure ol speed measures for an computed Statistic, 
r tiot f 


of performance, and either one could \ logarithmic transform 


red to be the reciprox il surement values (« 


The point is that there an per unit of time or 


be consice 


r 
| 


easures ol speed of | riormance pri 


7 
d VSIS accomplishes 


ce the relatior ship 
two reciprocally related 
} 1/X, the relations! 
y kind *, It applies te their logarithms is log 


measuring manual ith the values are identical 


pos té . ns Since 


es of the logarith: 5 


pegboar li 


ompute | le 
nclusions W he 

llables memorized uni ftime is computed for one 
pared to the amor ne p conclusion based 


nonsense Same is would 


ot course, verbal wel not based on the same 
iptitude ar ch ment the recipro 
neasure ol speed ¢ ther Anv con puted le 
t of perfor: would be identi 
ount performed per unit of ymputed for the 
these and other cases where The arithmetic n 
perlormance is me re‘ hms is the logarithr 
significance | vel obtair 


what 


r rrel 
The ob 
of soli 


ure el 


There 
precision ol the 
fully utilized without the possibility 


ot contradiction between the two 





TWO 


from the logarithms of the measure 


ment numbe rs 
st nonparametric itis- 


ul to consistent results 


the logarithmic trans 
he principal advantage of 
is in 
It 1s 
the 


mic transiormation 
arametric statistics 


pertinent, therefore, to consider 


normality of the distribution of log- 
thms o! speed of performance 
measure! Now, the ree iprox al 
relationsh p between the two speeds 
r isures requires that 
illy distributed the 


his complicates 


id | s 


ol px riormance m 
tor one to be norm 


other must not be 
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the normality assumption for the 
speed of performance measures them- 
selves. On the other hand, if the log- 
arithms of one of the two measures 
are normally distributed, the loga- 
rithms of the other measure also must 
Another 


normally distributed. 
logarithmic 


point in favor. of the 
transformation is that speed of per- 
formance measurements often show a 


be 


positive skewness, which is consistent 
with the assumption that their log- 


normally distributed, 


transformation 


are 
logarithmi 
s to reduce positive skewness. 


arithms 


since a 


ter 
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SIGNIFICANCE TESTS FOR MULTIPLE COMPARISON OI 
PROPORTIONS, VARIANCES, AND OTHER STATISTICS 
THOMAS A. RYAN 


Cornell L niversity 


3 than 
ince leve Is 


us particular « 


t popul itio 


1959b 


MetnHop or ApjJUSTED Si 
LEVELS 


re tl ods 
method 


method 5 nce for the test leper 
r should be number of samples in the 
i Hence the 


inv situation compare 
to make a two i , 


sam test, providing 
that the ava 
ire complete enough 


lable t ibles ol the d th 
ine pr 
are or 


tribution 
alone 


In the case of comparing propor- 
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choice of nominal significance levels, 
we can control the error rate expert- 
mentwise for the whole set of com- 
parisons. In other words, we are able 
to state the probability that one or 
conclusions will be in- 
falsely claim 

(See Ryan 


[1959a] for arguments in support of 


more of our 
correct in that we 
significant differences. 
controlling the error experimentwise). 

specifi uly, the method of ad 
the signifi levels is as 


pusting ance 


follows 
1. If we the 


perimentwise to be a, the first test 


wish error rate ex 


of the extreme values is made at the 


nominal level 2a/n(n—1), where n is 


the number of samples being com- 
That is, we use whatever 


would ordinarily be 


pared 
tables used in 
the difference between a 


of samples, but we enter 


testing 
single pair 
them for the two-tailed probability 
instead of a 


the extremes turn out 


of 2a/n(n—1 
2. if 
icantly different we test each ex- 


to be 
signii 
treme against the sample next to the 
do this at the 
2a/n(n—2). 


other extreme and we 
nominal level of 


3. When we find a significant dif- 


in Step > we proceed to test 


lerence 
smaller subgroups. The general rule is 
that, if we are testing a particular 
subgroup of k samples, we test the 
that subgroup at the 


2a/n(k—1). Notice 


that this adjusted significance level 


extremes ol 


nominal level of 
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icance level apply only if the tests 
are made in described 
above). 

The basis of the method. If the 
complete null hypothesis is true (if all 
of the samples come from a single 
population), and if we test all of the 
differences at the nominal level of 
2a/n(m—1), the error rate per expert- 
we would 


layers as 


This is becaus« 
be making m(m—1)/2 
and the ave rage rate of error per ex- 
periment is the product of the num- 
ber of comparisons times the rate of 


Ryan, 


ment® is a. 
comparisons 


error per comparison (see 
1959b, p. 39 

[he rate of error per experiment is 
than the error rate 
Thus, if all differ- 
ences were tested at the nominal rate 
of 2a/n(n—1), the ex- 
perimentwise would be less than a 
In other words, the probability that 
one or more of the differences will be 


always greater 


ex pertmentwise 


error rate 


large enough to be considered signif- 
icant on this basis will be less than a. 
Consequently, the probability that 
the will 
the level required for this nominal 


greatest difference exceed 


rate is less than a. 


* The rate of error per experiment is the ex- 
pected number of errors per experiment in the 
long run (Ryan, 1959b). Specifically, if a long 
series of experiments, each with several com- 
marisons, were actually carried out and we 
counted the number of erroneous conclusions 
the three main rates of error would be: 


no. of comparisons incorrectly called significant 


rate per comparison = —— 


total number of com parisons 


no. of comparisons incorrectly called significant 


rate per experiment = 


total number of experiments 


no. of experiments containing erroneous statements of significance 


rate experimentwise = —— 


takes into both the size of 
the particular subgroup (&) and the 
size of the total set of samples (n 


iccount 


These values of the adjusted signif- 


total number of experiments 


Thus the rate of error experimentwise can 
never be greater than the rate per experiment, 
because we cannot have more experiments 
with erroneous conclusions than there are 
errors in individual comparisons. 
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In the layer method we have de- 
the extreme difference 
the 


argument 


scribed, only 
is tested level 2a/n(n—1 
rhe of the 
paragt iph shows, howe ver, that 
that the rate 
experimentwise is less than 
the complete null hypoth 
By changing to the 
basis of suring 

ible test the 

ternal differences at 

level without overstepping the limit 


of a We shall, 


ior the 
however, be it the rate of 


at 


prec eding 


this 


ent to 


is sulnci 
ol 


a when 


ensure 
error 
esis is true. 

ne 
to 


experimentwise 


error rate, we are 


a less stringent 
rate ol error 
creasing 
error per experiment under the com 
plete null hypothesis unless we make 


ill of the 
level Working in layers with chang 


tests at the same nominal 


ng levels of nominal significance as 


proposed 


we h increases the 
of the test, 
trol of the 


error 


ive power 


without sacrificing con 


experimentwise rate ol 


The choice of the nomi 


Significance tor the tests ne in- 
ial yers is based upon various 
, 


iull hypotheses. The justi 


for the level which is to be 


be 


null hypothesis as 


in given for any | 
follows 

complete null hy pothesis is not true 
then 
tirely 
in the 
lor 


extremes differ significantly, ere 


the error rate will dey 


upon the tests which are made 


internal layers, since it is no 


ger an error to conclude that the 


1 
possible errors 


will 


be fe wer 
; be 


internal 


less 


therefore 
the 


made, and we cal 
stringent } ing 
differences 


ol 
different 


the 


ol 


Suppose that true state 


iffairs consists several 


A. RI 


iN 


populations with several samples 


from each. In general the situation 


may be represented as 


ki samples from Population A 
ky samples from Population B 

with wa>up 
population value of the st 


tistic be ing studied 


samples from Population C 


the total number of 


is assume that the populations 


igh apart that we can 


ignore errors which place samples 


from different populations as signif 
icantly different in the 
ind that it is 
suc h sample s will be correctly judged 


l { Phis 


Ss! ficant in the correct order 
for clarity 


g order, 


certain that 


wrot 


almost 


assumption 18 needed only 
of explanation; it will be shown below 
to be unnecessary eral 


the 
applied to the total group 


in wer 


Following same argument 


\ hic h we 
under the 


the probability 


complete null hy pothesis, 
ot 


roneous statements being mace 


A is 


one of mie 


the samples from Population 


k 


Che error rate ‘“‘subgroupwise 
a corresponding expressi: 
Phe 


have 

h of the populations 
the total 
the sum of all of these | 
the 
lhe 


eTrof;r 


rate for experime 


exactly | 
error rates, but fortunately 
is a good approximatior 

for the 


experimentwise is: 


plete expression 
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If we keep a small, say .05, the 
terms involving a? and higher powers 
EW very little. In fact, 
since the squared terms are all nega- 
tive, EW will be 
timated if take 
involving the Ist 
the n, 


mentwise will be 


will affect 
somewhat overes 
the 
Approxi 


rate experi- 


we only terms 
power 


mately, the error 


EW: 


samples consisting of 2 samples from 


! 
take 


example, suppose there are 10 


pulations, and 


EW st I 


EW s 0490099501 


7 error rate is divided 


ol 


les in proportion to the number 


ng the different groups 


imples from the same popula 


* It would have been better to 


hen the 


reals whe 


It sex 


wrt 
med hest to 
form at the expense t 

F or example, sup 

s come trom 


The 


' 
one popula 


nother total error 


instead of a 
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divide the error rate in proportion to 
the number of comparisons in each 
group divided by the total number of 
which 


erroneous comparisons 


are 
know the 
’ 


1avance 


possible. Since we do not 
latter the of 
knowledge about true 


absence 
the 
divide 


in 
state of 
the 


however, 


cannot error 


way It is, 


we 
rate this 
possible to divide the error rate in 


affairs, 


in 


proportion to the number of samples 


involved in each population. 

Let us come back now to the prob 
lem of erroneous reversal, i.e., where 
a sample from Population A is called 
significantly Jess than a sample from 
Population B, when in fact the con 
clusion should have been just the re- 
verse. This kind of error is also taken 
care of by the layer method. Suppose 
we start with the complete null hypo- 
hesis and separate out the errors 
a particular sample value 


and its corresponding population 


involving 
mM» 
value MA 

In the first stage of testing the total 
range of all the samples, there will be 
three classes of errors which might be 
made 

1. Conclusions that ya is less than 
the value of uw in some other popula- 
tion 

2. Conclusions 


that A is greater 


than some other population value of 
s that other pairs of 
diff 


3 { onclu Ol 


populations are rent from each 


other 
Now that Population A 
has a higher value of uw than all the 


suppose 


rest, while all of the other samples 


The 


probability of errors of the first group 


come from a single population 


was under 
The 
conclusions in the second group will 
no longer be errors, since they 

the correct relationship between a 
pair of populations. Errors in the 
last will be somewhat less 


will then be less than it 


the complete null hypothesis. 


state 


group 
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likely than before because they will 
occur only if some sample from the 
lower population surpasses the sam- 
ple from A. As a result the total 
probability of error is reduced, both 
because there are fewer possible er- 
rors to be made, and the 
probability of these errors is reduced. 

Confidence limits. The layer meth- 


because 


od applies only to tests of signif- 
icance. If we wish to state our results 
in terms of confidence limits or in- 
tervals we pay no attention to the 
order of the means, the limits being 
the whether the (pro 
portions, etc.) happen to be next to 


same means 
each other or at the extremes of the 
observed results The actual 
of the confidence intervals will vary 


sizes 


if the samples differ in size, but other- 
wise they will all be the same 


As 


have five samples with the proportion 


an example suppose that we 


of occurrence of some event in each 
We will make 10 statements of the 
“The difference in proportion 
A and Popula 
a” 6 “nee 


be tween 


form 
between Population 
tion B is between .05 and 
difference in 
Popul ition A and Population C is be- 


tween —.10 and 24,” and so On We 


prop rtion 


n 
can compute these ranges so that the 


error rate experimentwise 1s, Say, 
5%, which means that the probabil- 
ity 1s .95 that all of the statements 


are correct. If we are dealing with 
our 
confidence statements will the 
“The of 
A and Population B is 
6.” “The ratio of 
variances of Population A and Popu- 
lation C 4 and 1.9.” etc. 
Again these limits can be computed 
95 


variances of a series of samples, 
take 
form: ratio of variances 
Population 


between 2 and 


is between 


so that the probability is, 
that all of the statements are correct. 

Confidence limits for multiple com- 
parisons can be made in exactly the 


say, 


for a single comparison 
It is only neces- 


same 
of a pair of samples 


Way as 
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sary to adjust the nominal level or 
error rate per comparison to com- 
pensate for the number of confidence 
statements being made. If the nom- 
inal error rate is 2a/n(m—1) for each 
statement, then the error rate for the 
whole of statements will be a 
This error rate is the rate per expert- 


set 


ment, and is also an upper limit for 


the error rate experimentwi 

Since the allowance for confidence 
limits is the same as the difference re- 
quired in testing the extremes of the 
group of samples for significance, and 


there is otherwise no difference in 


method between multiple and single 


comparisons, no detailed instruc- 


tions will be given for obtaining con 


fidence limits. This is not to be 


taken 


tests 


as implying that significance 


are preferable to confidence 
In fac t, a stron 
for 
statements in terms 
We give the 


in wre 


limits. y case can be 


made the greater ness of 
ni dence 
methods for 


detail 


ranges. 


Significance testing iter 


more com cated 
the 


ber 1use they are 


to because 


ps} 


compute, and also 
are more widely used by holo 


gists at the present time 
SPECIFIC PROCEDURE FOR 


PROPORTIONS 
In order to show how 


method of adjusted significar levels 


is adapted to various problen s, | 
shall give a of 
the computations required for three 


“cookbook” outline 
different applications, beg 
the problem of proportions 

Steps in computation: 

1. The data: m samples consisting 
respectively of N;, N; - N, cases 
Proportions of occurrence of some 
for each 


event sample are py, 


p>, 


» 


, f 
2. Arrange 


order of the size of 


the sample results in 
P, letting ~p, be 
the smallest sample value and p, the 


largest. 
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rABLE 1 


ILLUSTRATION OF MuLtipLe Comparisons OF Proportions at 5% LeveL, EXPERIMENTWISE 


Data 


Samples (Training Methods) 
D Cc J 7 | Total 
No. of “High Scorers” 12 10 36 
No. in sample 60 40 
Pre 


yportion of “High Scorers” 20 25 | 45 


Method of Adjusted Significance Levels 


SEa 


se SEw | Difference! cance 


| 
| / (- : RD,= | Observed! Signifi- 
Pq 


ik 


Ny 


0050 81 45 0952 
0066 2 39 0890 
0066 §2 | 1060 
0100 32 | 0797 
0100 8 1017 
0100 sg | 57 0892 
0200 2.33 22 OR46 
0200 38 0942 
0200 ie.) O8S4 
0200 | 66 0906 


*thod 


SR, ? SR, a RD, for 
Group b WSD, =. SEg¢ comparti- 


son) 


268 
242 
288 
206 
262 
30 
197 
219 
199 
211 


ee ee ee ee 


3. Determine the average propor- of the difference between the extreme 
tion of occurrence p for all samples groups (.S,,) from the usual formula 
together by dividing the total num- 
ber of occurrences by the total num- 
ber of cases. 5. Find the standard score z, in 

4. Using this average value of the tables of the normal distribution 


proportion, , find the standard error corresponding to the two-tailed prob- 


SEan= V p(l—p)(A/Ni+1/Na) 
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ird error of the differ MULTIPLE (OMPARISON 


) OF VARIANCES 


the square root ol 2 


SR. \ have computed the variances 
ol ; n of different samples, we 
may wish | M i SiOnsS ibout 
how the corresponding populations 
differ from one another in variability 
The method of adjusted Signi 
levels nj e used for this put 

pose il he procedure 


cilte 


‘ 


est would be 


samples wer 


N.B lables 
s of the / 


ially not extensive 


rpose, ul 


samples 
Hartley 1954 
ire 25, 10, ‘. * I 
er cent. Yet, i 10 sam 
o compare art 1 to work 
ie level of | 
the extreme valu hor » tested 
it the .1/90 level or .O0011 i.e 
0.11% This value must be halved 
In using the percentage points, since 
the tables are des yiie for the one- 


such small sam tailed ippli ition of F which is ap 


. =5 
likely to permit propriate to inalysis of variance. The 
nce which are’ best we could do, then, for 10 vari- 


parisons ances would be to work at the 10% 
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TABLE 2 


Muttrete COMPARISON OF VARIANCES AT 5% Levet EXPERIMENTWISE 


Samples 
B 


Degrees of F reed 20 
Variance (s* 10.07 20.35 
Summary of Computations 


Nominal level 


n(k—1 
15.20 00500 00250 
20.20 00667 00333 
15,15 00667 00333 


t tested because D-E not significant 


25,20 01000 | 00500 


tests possible for 8 «2 since all tests for & = 3 are insignificant 


There ie evidence of only two populati variances. B belongs 
t either 


level experimentwise In addition, no tests are made within that sub 
we would not find the intermediate group (Ryan, 1959a 
values which are needed for other Note also that the F required for 
layers each test depends upon the degrees of 
Other percentage points of F can freedom in the particular par be g 
be obtained from the Zables of the compared. Thus different tests wit! 
Incomplete Beta Function (K. Pear-_ in the same layer will require d 
on, 1934). The method is stated in F valuesif the samples are of different 
Pearson and Hartley (1954, pp. 32 size This, however, is the or 
33), and has been used in the com- adjustment which is needed in ap- 
putations of the example shown in plying the method to samples of un 
Table 2 equal size 


' 


4. If the extremes are significantly 


different, proceed to test 5S; VS. S. 


MULTIPLE NONPARAMETRIC TESTS 
and S52 VS. Sa, just as we did for pro Although it is becoming evident 
portions, at the nominal significance that the parametric methods are not 
level of 2a/n(n —2 so sensitive to nonnormality as was 
5. If one or both of the tests in once believed (see Lindquist, 1953, 
step 2 are significant, continue with p. 86), there may be situations where 
other layers until all tests are insignif- we should prefer to use the nonpara 
icant for a given size of subgroup. In metric methods. As an example, 
each subgroup, the test is made at pose that we have data which 
the level of 2a/n(k—1). Again it have been treated by the Mans 


should be noted that, once a particu- Whitney or Festinger method (Fes 


lar subgroup is found nonsignificant, tinger, 1946; Mann & Whitney, 
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TABLE 3 
Muttirpce Mann-Wuartney Tests at 5% Levelt EXPeRIMENTWISE 


Samples Arranged in Order of Medians 


Observed Values | 


ip Ib 


= me ~ = = 
wns ee Ano 


= 
N 


Summary of Computations 


Required 
lev el 


0050 
0067 
0067 
0100 


A is signif 
ties rem 


4d probabilities. For samples larger than 


cr pe 


1955: Siegel, 1956) if we had only 
two samples, but we happen to have 
more than two to deal with. A non- 
parametric “analysis of variance” 
technique is available (Kruskal & 
Wallis, 1952; Siegel, 1956, pp. 184- 
194), but this provides only an over- 
all test and does not give us specific 
comparisons of samples 

To perform multiple comparisons, 
we use either the complete distribu- 
Mann Whitney's U 
or the normal approxima- 
distribution. Only a 


tion of and 
statistic, 
tion to this 
general outline of the procedure will 
be shown, since it differs little from 
the previous applications. Table 3 
illustrates the computations. 

Steps in Computation: 

1. Arrange the samples in order of 
size of the medians. 


2. Compute U 


(the Mann-Whit- 


antly different from Groupe D and E 
1 from tables of Mana and Whitacy (1947 
8, probabilities must often be 
entage points rather than the corm 


U (by 


inspection 


Signifi- 


(2-tailed) cance 


0020 

0100 

0020 

0740 

No other differences are significant. 

, aleo given in Siegel (1956). Note that those tables 


computed from the normal 
plete distributions are given. 


ney statistic based on overlapping of 
the samples for the two extreme sam- 
ples.) 

3. Test the significance of U at 
the 2a/n(n—1) level, using the exact 
distribution of U, if available, or the 
normal approximation of this dis- 
tribution.® 

In the 
value of z is 


latter case the observed 


/N\N.(N1+ No +1) 


| 42 


where N, = number of cases in lowest 
* Available tables (Mann & Whitney, 1955; 
Siegel, 1956) give the complete distributions 
up to samples of 8 cases. For larger samples, 
only the percentage points are given, but the 
normal approximation is fairly accurate. 





28 THOMAS 


3 
sample and N,=number of cases in 
highest sample. 

4. If the extremes are significantly 
different the 
lavers at the adjusted significance 
levels 2a/n(k 1 the 


total number of samples and & is the 


continue testing inner 


where n is 
size of subgroup being tested 


the 


scribed for proportions and variances 


5. Continue in manner de 


SUMMARY 


\ general method for multiple 
comparisons which is applicable to a 
variety of measures 1s preset! ted 
This method, called the 


adiusted significance le vels,”” 


“method of 


m ikes 
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